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HISTOPLASMOSIS IN MAN 

REPORT OF SEVEN CASES AND A REVIEW OF SEVENTY-ONE CASES 
ROBERT J PARSONS, M D , and C J D ZARAFONETIS, MD 

ANN ARBOR, MICH 


Histoplasmosis for many years was believed to 
be a lare tropical disease Twenty years elapsed 
between the description by Darling ^ of 3 cases 
which he had found in 1905 and 1906 and the 
next diagnosis, which was made by Riley and 
Watson “ m 1926 During the past decade the 
disease has been found widespread in the United 
States and in widely scattered places throughout 
the world As an indication of the frequency 
of occurrence of histoplasmosis we have the fact 
that 9 cases originating in Michigan were dis- 
covered between November 1938 and Decembei 
1940 

It IS the purpose of this paper to report the 
5 cases of histoplasmosis which have been ob- 
served at the University of Michigan Hospital, 
1 case that originated in Ohio but was diagnosed 
in the Department of Pathology of the University 
of Michigan, and 1 case that was diagnosed by 
Dr Paul Stemei of the department of pathology 
of the University of Chicago Brief mention will 
be made of sevei al cases which have not yet been 
published and the available literature will be 
leviewed with particular refeience to the clinical 
aspects of the disease 

Darling was the first to describe histoplasmosis 
as a disease Workipg m Panama, he found his 
first case in December 1905,^® and 2 more cases 
^ dm mg 1906^*^ While Strong® has sometimes 

From the Department of Pathology and the Depart- 
ment of Medicine, University of Michigan Medical 
School 

1 Darling, S T (a) A Protozoan General Infec- 
tion Producing Pseudotubercles in the Lungs and Focal 
Neciosis in the Liver, Spleen and Lymph Nodes, J A 
M A 46 1283 (April 28) 1906, (b) Notes on Histo- 
plasmosis A Fatal Disorder Met with m Tropical 
America, Maryland M J 50 125 (April) 1907, (c) 
A Fatal Infectious Disease Resembling Kala-Azar 
Found Among Natives of Tropical America, Arch Int 
Med 2 107 (Sept) 1908 

2 Riley, W A , and Watson, C J (a) Darling's 
Histoplasmosis in the United States The Possibility 
of Further Occurrence of Cases, Minnesota Med 9 97 
(Feb ) 1926 , (6) Histoplasmosis of Darling Case 
Originating m Minnesota, Am J Trop Med 6 271 
(July) 1926 


been credited with describing the first case of 
the disease, he himself ^ at present is of the 
opinion that the case which he described was 
one of those unusual instances of the infection 
of man with Cryptococcus farciminosus, the 
fungus causing epizootic farcy m horses ® Dar- 
ling characterized the disease as one m which 
theie were irregular fever, emaciation and spleno- 
megaly Small encapsulated organisms re- 
sembling Leishman-Donovan bodies could be 
found in the tissues, particularly in the cells of 
the reticuloendothelial system ® He described 
the organism as a protozoon and named it 
Histoplasma capsulatum Sections from Dar- 
ling's cases were studied by Rocha-Lima in 
1912, and it was his opinion that the organism 
was a yeasthke fungus rather than a protozoon , 
a fungus which, as seen m the tissues, closely 
resembled Cryptococcus farciminosus Confir- 
mation of the fungous origin of the disease did 
not come until 1932, when DeMonbreun ® suc- 
ceeded in gi owing the causative fungus from the 
blood stream and the spleen of a 5 month old 
infant Hansmann and Schenken ® had culti- 

3 Strong, R P A Study of Some Tropical 
Ulcerations of the Skin with Particular Reference to 
Their Etiology, Philippine J Sc 1 91 (Jan) 1906 

4 Strong, R P Personal communication to one of 
us (C Z) 

5 Negre, L, and Bridre, J Un cas de lymphangite 
epizootique chez Thomme Traitement et guerison par 
le “606,” Bull Soc path exot 4 384 (May) 1911 

6 Darling, S T The Morphology of the Parasite 
(Histoplasma Capsulatum) and the Lesions of Histo- 
plasmosis, a Fatal Disease of Tropical America, J 
Exper Med 11 515 (July) 1909 

7 da Rocha-Lima, H Beitrag zur Kenntnis der 
Blastomykosen Lymphangitis epizootica und Histo- 
plasmosis, Centralbl f Bakt (Abt 1) 67 233, 1913 

8 DeMonbreun, W A The Cultivation and 
Cultural Characteristics of Darling’s Histoplasma 
Capsulatum, Am J Trop Med 14 93 (March) 1934 

9 Hansmann, G H, and Schenken, JR A 
Unique Infection in Man Caused by a New Yeast-Like 
Organism, a Pathogenic Member of the Genus 
Sepedomum, Am J Path 10 731 (Nov) 1934, A 
Unique Infection in Man with a New' Yeast- Like 
Organism, ibid 9 925 (Nov ) 1933 
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^ated the oiganism in anothei case a few months 
eaiher They mentioned that the fungus le- 
sembled Histoplasma capsulatum but suggested 
that it be classified in the genus Sepedonium 

Histoplasma capsulatum occurs m the tissues 
m the foim ot small lound or oval yeasthke 
bodies, which in oui cases have measured fiom 
1 to 5 microns in cioss section, the aieiage 
being approximately 3 micions Similai mea- 
surements haA^e lieen found b} others They 
show a sharply defined, cleai, achromatic cap- 
sule The chiomatm mass in the center of the 
organisms is niegulai in distnbution,® and in 
ordinal 3 '^ stains it usually shows a round A’^acuole 
located in the widest pait of the cell The 
chromatin mass, exclusive of the capsule, mea- 
sures 1 to 3 3 micions The oigamsins stain 
well with most common luicleai d 3 es, hema- 
toxylin and eosin, the Masson tiichiome stain 
and the Giemsa stain are among the best com- 
bination stains for identif}>'ing them in tissues, 
Giemsa and Wright stains as well as supravital 
stains are satisfactory for staining the organ- 
isms m the peripheral blood oi sternal bone 
mairoAA The organisms are weakly giam-posi- 
tne and slightly acid-fast This is stated thus 
because with each of these technics gieat num- 
beis of the organisms are completely decolor- 
ized 

The oiganism will grow on most of the usual 
mediums, but since it grows slowly it is fre- 
quently difficult to isolate from contaminating 
organisms On mediums A\hich contain con- 
siderable piotein, such as blood oi serum agai 
and Loefflei’s medium, inoculation of the yeast- 
hke form results in giowth of the yeasthke form 
if incubation is at 37 C At loom temperature 
the fungus rapidly reverts to the mycelial form 
on all cultui e mediums ® DeMonbi eun found 
that he could not convert a well established 
m 3 cehal form of the fungus to the yeasthke 
torm b}’’ cultural means,® but Conant has found 
that b}’’ inoculating the m 3 ^celial form on a tightly 
sealed blood agai slant and incubating at 37 C , 
conversion to the yeasthke form is brought about 
Conversion of the m 3 'cehal to the 3 easthke foim 
was brought about by NegronM*'' by culture of 

10 (a) Dodd, K , and Tompkins, EH A Case of 

Histoplasmosis of Darling in an Infant, Am J Trop 
Aled 14 127 (March) 1934 (&) Darlings Hans- 

mann and Schenken ^ 

11 (a) Crumnne, R M, and Kessel, J F Histo- 

plasmosis (Darling) Without Splenomegaly, Am J 
Trop Med 11.435 (Nov) 1931 (&) Darlings (c) 

Case D of this paper 

12 Parsons, R J Experimental Histoplasmosis in 
Mice, Arch Path 34 229 (July) 1942 

13 Conant, N F Cultural Study of Life Cycle of 
Histoplasma Capsulatum, Darling 1906, J Bact 41 536 
(Maj) 1941 


the mycelial foim on blood agar aftei previous 
incubation at 37 C in iveak solutions of sodium 
hydroxide (0 01 to 005 per cent) or sodium 
borate (0 5 to 2 per cent) Conversion of the 
m 3 fcelial form to the yeasthke form is accom- 
plished easity b 3 ’' injection of the former into any 
one of several laboratory animals i e , dogs and 
monkeys,® guinea pigs,^* mice,^^ rats® and rab- 
bits In animals, an acute or chronic, localized 
or wudely disseminated infection is produced by 
varying the dose injected and the route of ad- 
ministration 

The infection manifests itself m many different 
ways, as evidenced by the followang case rejxirts 
and the subsequent review of the hteratuie 

REPORT or CASES 

Case A (case 24, table) — E G, a 63 year old 
w'hite Sw iss-born waiter, who had lived m Detroit, 
Mich, for many years, had apparently been well until 
January 1938 He then noted the onset of loss of 
w'cight associated with extreme nervousness There 
had been no chills, fever, sweats, hemoptjsis or pain 
in the chest, but dyspnea occurred with slight exertion 
Occasional cough was attributed to postnasal drip In 
June a diagnosis of diabetes mellitus was made Treat- 
ment was instituted, but loss of weight continued, with 
a decline from 190 to 120 pounds (85 to 54 Kg) by 
the time he was seen in the outpatient department of 
the University Hospital on Sept 29, 1938 

On physical examination the patient was found to 
be emaciated, poorly developed and acutely ill The 
temperature was 99 F , the pulse rate 88, the respira- 
tory rate 20 and the blood pressure 120 S3 stolic and 70 
diastolic The skin w’as warm, drv and dehydrated 
A small, well healed perforation of the nasal septum 
w'as seen The lips w'ere C3anotic, dry and cracked 
Oral hygiene was poor the breath w'as foul, and the 
remaining teeth Avere carious, with marked pyorrhea 
alveolaris The pharynx and tonsils were hyperemic 
and covered with thick whitish exudate The patient 
complained of pain on talking and when the tongue 
W'as depressed Theie was tenderness ovei the ton- 
sillar and lary'ngeal areas A small bmph node was 
palpable in the right posterior cervical region The 
thorax w'as strikingly emphysematous, and moist, 
squeaky rales were heard on auscultation The livei 
was palpable 5 fingei breadths below the right costal 
margin and the spleen 2 fingerbreadths below the left 
Tremor of the hands, c3'anosis of the nailbeds and a 
mild bilateral foot drop w'ere present The reflexes 
were slightly hyperactive 

The results of laboratory studies were as follows 
The Kahn reaction of the blood was negative The 


14 (o) Negroni, P Estudio micologico del primer 

caso sud-americano de histoplasmosis, Rev d Inst bact , 
Buenos Aires 9 239 (June) 1940 (b) Redaelli, P , 

and Ciferri, R Studii sull’ Histoplasma capsulatum, 
Darling I Riproduzione sperimentale della istoplasmosi 
e definizione della malattia nelle reticolo-istiocitosi 
parassitarie sistemiche, Bol Soc ital d biol sper 9 
1001, 1934 

15 Tager, M , and Liebow, A A Observations on 
Histoplasmosis Induced Infection in tlie Mouse, Yale 
J Biol & Med 14 469 (May) 1942 De Monbreun s 
Parsons 

16 Hansmann and Schenken® Redaelli and Ciferri^'^*’ 
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hemoglobin content varied from 70 to 84 per cent 
(Sahli), tlie red blood cells from 4,110,000 to 4,930,000 
per cubic millimeter, and the white blood cells 
from 3,400 to 5,900 per cubic nnllimetei A typical 
differential count showed 57 pei cent polymorpho- 
nuclear neutrophils, 3 per cent eosinophils, 24 per cent 
large lymphocytes and 16 per cent monocytes 
On foul occasions albuminuria (1 to 2 plus) was 
noted There was no glycosuria on five examinations 
Terminally the urinaiy sediment was loaded with gran- 
ulai casts 



Fig 1 — A large mononuclear phagocyte heavily 
parasitized by the yeastlike form of Histoplasma 
capsulatum The section was made from one of the 
adrenals m case A (case 24 in the table) (Hematoxylin 
and eosm, X 1,860 ) 

Roentgenogiams of the chest showed what appeared 
to be a tubeiculous infiltration of the left upper pul- 
monary field and involvement of both upper pulmonary 
fields by minute parenchymal infiltrations, suggesting 
a lesion of miliary type Acid-fast oiganisms typical 
ot Mycobacterium tuberculosis were found m the spu- 
tum The total serum pi otem was 6 6 Gm per liun- 
dred cubic centimeters, with 2 9 Gm albumin, and 
3 7 Gm globulin A dextrose tolei ance test showed 
d cuive of diabetic type A faint trace of dextrose 
was present m the specimen of urine taken at the 
third hour On the da}'^ of the patient’s death the fast- 
ing blood sugar content was 121 mg per hundred 
cubic centimeters and the nonprotein nitiogen content 
103 4 mg 

The patient was treated m the outpatient department 
until the positive result of examination of the sputum 
was reported, on October 18, when he was admitted 
as an inpatient His condition rapidly became worse 
Throughout his hospitalization his temperatuie was 
intermittently elevated, ranging from 98 to 102 8 F 
Swallowing became extremely difficult and painful, 
finally necessitating intravenous administration of fluids 
After the development of cyanosis and coma, death 
occurred on November 25 

The pertinent observations at necropsy were as fol- 
low's There W'as extensive fibrocaseous tuberculosis 
with cavity formation in the upper lobe of the left 
lung Great numbers of tubeicle bacilli were readily 
stained m the walls of the caiities Aliliary tubercles 
were found in the pituitar}' gland, thyroid, tongue, 
pharynx, larynx, lungs, bronchial Ijmph nodes, kidneys, 
prostate and small intestine The luer weighed 1 540 
Gm and contained many miliarj tubercles The spleen 
weighed 470 Gm and histologicalh show’ed great num- 
bers of lelatnely recent miliary tubercles The kidneys 


w'eighed 170 and 180 Gm and show'ed relatively acute 
patchy tuberculous nephritis 
The adrenals were greatly enlaiged, one w'eighing 
50 and the other 60 Gm There w'as almost complete 
caseation necrosis of both The granulation tissue sur- 
rounding the areas of caseation necrosis and in the 
penadrenal fat consisted of young fibroblasts m the 
meshes of wdiich were many large mononuclear phago- 
cytes The cytoplasm of these phagocytes contained 
round or oval bodies (fig 1) measuring from 2 to 5 
microns m diametei Stained with hematoxylin and 
eosm, these bodies show'ed a clear achromatic capsule 
w'lthm which was an oval, weakly basophilic chromatin 
mass In most instances an almost spherical, cleai 
vacuole could be seen in the chromatin mass The 
vacuole was eccentrically placed, but m those organisms 
wdiich were oval or pii ifoi m it was located m the widest 
part of the yeastlike cell The organisms w'ere slightly 
acid-fast and alcohol-fast and weakly gram-positive 
Theie was a punched-out ulcei on the tongue 1 cm 
in diameter An ulcer m the” kyj^limynx "measured 
2 5 by 0 6 crh'"and'was 3 mm deep Fiom the ileo- 
cecal valve to the rectum theie were appi oximately 
tw'enty punched-out ulcei s, 8 to 12 mm m diametei 
A few Hist oplasma capsulatum organisms were fo und 
in macrophag^ in tlie granulation tissue base of ulcers 
in eaclFoTThesc legionT ” 

Extended seaich for similar organisms m all of the 
other oigans of the body pioved futile None were 
found in the mihar> tubercles, which were widely dis- 
seminated throughout the body Carefullv controlled 
acid-fast stains failed to reveal anything resembling 
Mycobacterium tuberculosis in these tubercles oi m the 
caseous adrenal glands No cultuies w'ere made of 
the adrenal tissue, and postmortem cultuies of blood 
show'ed no significant grow'th 
A diagnosis of histoplasmosis of the adrenals w'as 
made on Decembei 1, but it w'as not until several 
months latei that the organisms were found m the 



Fig 2 — ^Ulcerated granulomatous lesion m case B 
(case 37 m the table) The granuloma had caused 
perforation of the nasal septum Histoplasmosis was 
diagnosed by biopsy and by culture of the lesion 
(X 1 ) 

glossal, pharyngeal and colonic ulcers Since fibro- 
caseous tubeiculosis w'lth cavity formation was present 
m the lungs, the pathogenesis of the w idespread miliary 
tubercles remains obscure Neither Histoplasma cap- 
sulatum nor Mycobacterium tuberculosis could be 
stained in these lesions 

Case B (case 37 table) — N C, a 25 vear old 
white woman, a native of Michigan, was admitted to 
the Umversitj Hospital on Aug 30, 1939, with hem- 
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orrhage from the rectum as the chief complaint She 
had been seen there previously, m 1935, at which time 
a diagnosis of Cushing’s syndrome was made 

One year prior to readmission she noted swelling 
and ulceration of the nose Septal perforation resulted 
in two months, but thereafter the lesion was apparently 
stationary A purulent, foul-smelhng discharge was 
present continuously On June 1, 1939, a large amount 
of blood was expelled by rectum, and several similar 
episodes occurred subsequently Weakness, dyspnea and 
generalized abdominal discomfort followed the repeated 
hemorrhages 

Physical examination revealed an obese female who 
appeared chronically ill The temperature was 99 6 F , 
the pulse rate 108 and the respiratory rate 16 per 
minute The blood pressure was 138 systolic and 94 
diastolic The classic signs of Cushing’s syndrome, 
except the severe anemia, were present A granulat- 
ing ulcerative process had partially destroyed the right 
nans (fig 2) This lesion extended onto the upper lip, 
and a septal perforation was present with slight involve- 
ment of the mucous membrane of the left nans A 
purulent exudate could be seen on the ulcerated sur- 



Fig 3 — Characteristic tuberculate chlamydospore of 
the mycelial form of Histoplasma capsulatum The two 
chlamydospores illustrated were from a culture of the 
organism from case B The fungus had been grown on 
dextrose-tartaric acid medium Unstanied , X 1,860 ) 

faces Several ulcerations about the gums and one on 
the r oof of the mouth vvere also seen 't here was no 
palpable lymphadenopathy, and the liver and spleen 
could not be felt 

The laboratory findings included a negative Kahn 
reaction of the blood There were 1,100,000 red blood 
cells per cubic millimeter, and the hemoglobin content 
was 20 per cent (Sahli) The white blood cell count 
was 2,200 per cubic millimeter, and the differential 
count, 69 per cent neutrophils, 27 per cent lympho- 
cytes and 4 per cent monocytes Leukopenia persisted 
throughout the period of observation Roentgenographic 
studies of the chest and the gastrointestinal tract did 
not reveal anything abnormal, nor did sigmoidoscopic 
examination Histologic examination of a specimen 
from the nasal lesion revealed granulomatous tissue 
containing enormous numbers of large mononuclear 
phagocvtic cells filled with organisms morphologically 
similar to Histoplasma capsulatum, and a diagnosis of 
histoplasmosis was made On the following day a 
small amount of tissue was removed from the ulcer 
for culture From this material the mycelial form of 
Histoplasma capsulatum was isolated in broth by Dr 
Walter Xungester and on dextrose-tartaric acid me- 
dium bv Miss Helen Pellet The characteristic tuber- 
culate chlamv dospore (fig 3) of the fungus was easilv 


identified in these cultures The organisms vvere not 
demonstrated in the peripheral blood or sternal marrow, 
and repeated blood cultures showed no growth 

While the patient was in the hospital, an irregular 
pyrexia was present, the temperature reaching as high 
as 102 4 F Following repeated blood transfusions, her 
general condition was improved, and she was discharged, 
no change having occurred in the nasal lesion An- 
other episode of gross intestinal bleeding occurred 
shortly thereafter The patient was followed in the 
outpatient clinic, where she was treated with weekly 
injections of 0 3 Gm of neoarsphenamine , no noticeable 
benefit resulted from four such treatments This was 
discontinued, and the patient was advised to take 0 32 
Gm of thymol daily The liver was easily palpable 
at this time She did not return to the hospital during 
the month before her death, on Nov 21, 1939 While 
she was at home there had been no further gross intes- 
tinal hemorrhage, and although the nasal lesion appeared 
improved, the lesions of the gums and mouth had be- 
come worse Permission for autopsy was not obtained 

Case C (case 47, table) — A J W, a 41 year old 
white American salesman, was admitted to the Thomas 
Henry Simpson Memorial Institute of the Universitj 
of Michigan on Aug 6, 1940, with the chief complaints 
of fever and weakness He had been well until eighteen 
months prior to admission, when enlargement of the 
neck was first noted Examination by his local physi- 
cian revealed enlarged lymph nodes in the neck^ axillas 
and inguinal regions On March 30, 1939, a lymph 
node in the right supraclavicular region was removed 
for biopsy After a series of roentgen ray irradiations, 
the glands •regressed so as to become unnoticeable, and 
the patient felt well and was ambulatory until June 17, 
1940 At that time an infection of the upper respira- 
tory tract developed, which persisted for a week There 
were ease of fatigue, weakness and a dry, hacking 
cough Shortly thereafter fever, profuse diaphoresis, 
anorexia and abdominal distention developed and per- 
sisted to the time of his admission to the hospital A 
loss of weight of 30 pounds (13 5 Kg ) occurred during 
the same interval 

On physical examination the temperature was 101 6 
F, the pulse rate 88, the respiratory rate 22 and the 
blood pressure 116 systolic and 58 diastolic The pa- 
tient was well developed and well nourished and ap- 
peared subacutely ill The skin was flushed, warm and 
moist A few small posterior cervical lymph nodes 
vvere felt A single discrete, soft, nontender node was 
felt in each axilla, and several inguinal nodes were 
palpable The thorax was symmetric and expanded 
equally on the two sides The lungs vvere resonant 
throughout, but on auscultation the breath sounds vvere 
harsh and bronchial in quality Rales vvere present 
throughout, sharp, high-pitched squeaks were heard in 
the right lower pulmonary field posteriorly on deep 
inspiration The abdomen was distended, and there 
was considerable tenderness in the right upper quadrant 
The liver extended 7 cm below the costal margin, and 
the spleen was palpable 3 cm below the left costal 
margin 

Laboratory studies gave the following results The 
Kahn reaction of the blood was negative The hemo- 
globin content declined from 85 to 75 per cent, while 
the red blood cell count fell from 5,000,000 to 4,000,000 
per cubic millimeter, the white blood cell count ranged 
from 2,650 to 9,550 per cubic millimeter A representa- 
tive differential count showed 76 per cent polymorpho- 
nuclear leukocjtes, 1 per cent eosinophils, 16 per cent 
Ivmphocytes and 7 per cent monocytes On the day of 
death the reticulocjdes numbered 6 5 per cent, and 1 of 
even thousand red cells was nucleated Five analyses of 
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the urine and two of the stool gave essentially negatne 
results 

A microscopic section, piepared at another hospital, 
from the lymph node removed in 1939 was examined 
by the department of pathology A diagnosis of lympho- 
blastoma of lymphosarcoma type was made, confirming 
the diagnosis previously made at the other hospital 

Roentgenograms revealed hilar parenchymal changes 
compatible with the clinical diagnosis of lymphoblas- 
toma Reexamination of the chest two days before the 
patient’s death showed a considerable increase in the 
prominence of each hilar shadow and disseminated 
patchy infiltration of both lungs It was thought most 
probably to be due to advance of the lymphoblastoma, 
although the roentgenologist stated that a disseminated 
bronchopneumonia associated with extensive lymph- 
adenopathy could produce a similar picture 

During his stay m the hospital the patient became 
progressively worse His temperature was irregularly 
elevated to almost 104 F daily, but during the last 
four days it fell to near normal levels The pulse and 
respiratory rates showed a gradual and continual rise 
Roentgen therapy was instituted, the patient receiving 
400 r to each of eight ports about the chest and letro- 
peritoneal region without appreciable symptomatic 
change Weakness became more pronounced, patchy 
consolidation of the lungs developed and death occuiied 
on Aug 26, 1940 

After a necropsy a review of the daily blood films 
revealed the presence of the characteristic yeast form 
of Histoplasma capsulatum in the blood films made 
during the last two days of life, but not in those made 
on previous days The organisms were found in many 
of the polymorphonuclear leukocytes (fig 4) and could 
not be found in the other white blood cell elements 

At necropsy the external features were much as 
described Moderate edema was present in the feet 

The lungs were more voluminous than usual, the left 
weighing 950 Gm and the right 1,070 Gm The pleural 
surfaces were smooth, moist and shiny except at the 
apexes, where depressed gray scars were present The 
parenchyma was firm but somewhat aerated in spite 
of the firmness The cut surfaces were grayish red 
and firm On pressure some edema fluid exuded from 
the surface and grayish mucoid material was found in 
the bronchi No tumor masses could be made out 
There was slight congestion of the bronchial mucosa 
The anthracotic pigmentation of the bronchial lymph 
nodes in some places gave way to grayish-red streaked 
areas, but there was no notable enlargement of these 
nodes Microscopically, lung sections stained with 
hematoxylin and eosin and with the Masson tnchrome 
stain showed a widespread subacute pneumonitis This 
was characterized by the presence of polymorphonuclear 
cells, large mononuclear phagocytes and masses of old 
fibrin m the alveoli The large mononuclear phagocytes 
contained numerous small encapsulated organisms 
morphologically like Histoplasma capsulatum Many 
of the alveoli were lined with a single layer of flattened 
cells which could be easily distinguished from the 
endothelium of the capillaries in the alveolar walls 
Organisms were not found in these cells In a few 
places organization of the alveolar exudate was seen 
Other areas gave evidence of chronic pulmonary edema, 
and m still others there were acute pulmonary abscesses 
in which postmortem colonies of cocci were interspersed 
with the fibnnopurulent exudate There was hyalimza- 
tion of dense fibrous pleural and parenchymal scars in 
the apexes The bronchi and bronchioles showed an acute 
fibnnopurulent exacerbation of a chronic bronchitis 

Microscopically, the bronchial lymph nodes revealed 
an almost complete loss of the usual follicular archi- 


tectuie The peripheral sinuses and the sinusoids were 
packed with large mononuclear phagocytes parasitized 
by great numbers of small encapsulated organisms, and 
similar cells were seen in the capsule of the nodes 
There were numerous areas of necrosis surrounded by 
heavily parasitized phagocytes and fibrous connective 
tissue 111 the nodes Apparently inactive fibrocaseous 
tubercles also were present 

The liver was nearly twice the normal size, weighing 
2,960 Gm Its capsule was everywheie smooth and 
glistening The yellowish color of the cut surface sug- 
gested lipidosis Microscopically, the liver showed far 
advanced fatty infiltration In many of the portal 
spaces there were small lymphocytes m increased num- 
bers, and some were widened by these cells together 
with a few large mononuclear phagocytes The latter 
contained Histoplasma capsulatum m their cytoplasm 
In one area this type of cellular infiltration appeared to 
extend beyond the bounds of the portal spaces into the 
hepatic parenchyma Organisms were found m a few 
Kuppfer cells 

Great enlargement of the spleen had occurred, its 
weight being 620 Gm The capsule had a purplish 
color, and a dark red mottling on a purplish background 
was seen on the cut surface The pulp was firm 
Microscopic sections revealed evidence of marked 



Fig 4 — Photograph of a polymorphonuclear neutro- 
phil m a blood smear made in case C (case 47 in the 
table) Two of the yeastlike forms are seen within 
the cytoplasm of the neutrophil (Wright’s stain, X 
1,380 ) 

chronic passive congestion Parasitized large mono- 
nuclear phagocytes were seen singly and in small groups 
among the lymphocytes in the splenic corpuscles 
Both kidneys were somewhat enlarged, the right 
weighing 200 and the left 220 Gm The only apparent 
gross pathologic change was slight pallor In sections 
many of the intertubular capillaries contained large 
numbers of polymorphonuclear cells and normoblasts 
The adrenal glands were normal in appearance 
grossly, but microscopically each contained a few 
parasitized reticuloendothelial cells in the cortical capil- 
laries and sinusoids 

In the region of the ileocecal valve there was hyper- 
plasia of the lymphoid follicles Large numbers of 
parasitized large mononuclear phagocytes were seen in 
this lymphoid tissue Among the lymphocytes m the 
gastric mucosa a few parasitized mononuclear cells 
were present The same was true of the appendix 
The mesenteric and retroperitoneal lymph nodes were 
enlarged and revealed small areas of necrosis They 
were ratlier friable Histologically, the changes m them 
resembled those described in the bronchial nodes 
The bone marrow from the sternum, a nb and a 
vertebral body was hyperplastic A few parasitized 
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reticuloendothelial cells were found in the bone marrow 
from a rib and a vertebral body 

None of the sections levealed the most remote sug- 
gestion of a lymphosarcoma or other neoplasm, and it 
IS our belief that the sections sent us by anothei hos- 
pital which were said to have come from this patient 
actually were from another patient 

Case D (case 53, table) — D P , a 49 year old white 
printer, was admitted to the Simpson Memorial Institute 
on Dec 25, 1940 He had lived m many states during 
his life, but for the past two years he had lived in 
the uppei peninsula of Michigan For nine months 
prior to admission he had noted malaise and anorexia 
In June 1940 he experienced severe pain m the light 
ear which persisted several weeks and then disappeaied 
spontaneouslj In August a small nodular lesion 
appeared in the left external auditory canal One 
month later this was incised by his local physician, but 
no drainage resulted At that time it was noted that 
a node m the left preauncular region was enlarged 
Subsequently, nonpamful granulomatous oral lesions 
appeared During the two month period preceding 
hospitalization, fever and night sweats became an almost 
daily occurrence, and there were progressive weakness, 
malaise and loss of weight 

His local physician took tissue specimens from the 
lesions of the left ear and the phaiynx in December 
1940 These were sent to the University of Michigan 
department of pathology, wheie the diagnosis of histo- 
plasmosis of Darling was made 

On physical examination, the patient was seen to be 
well developed but appeared chronically ill and 
emaciated His temperature was 98 2 F , his pulse rate 
80, his respiratory rate 20 and his blood pressure 88 
systolic and 62 diastolic The skin was loose, revealing 
evidence of recent loss of weight On the posterior wall 
of the right external auditory canal there was a raised 
granular mass partially occluding the lumen A similar 
but larger nodule was present in the left auditory canal 
Granulation tissue was present a lso aro und a righ t 
molar tooth, behind the lower ~frbnt teeth and on t he 
right posterior tonsillar jillar The right tonsil was 
moderately enlarge'd" The" thorax” was norm'al' The 
abdomen was scaphoid, muscular and difficult to palpate 
However, the liver and spleen were each felt 2 finger- 
breadths below the costal margin Generalized lymph- 
adenopathy was noted, with involvement of anterior 
auricular, submaxillary, submental, occipital, anterior 
and posterior cervical, axillary and inguinal nodes 
Some of tliese nodes were tender 

The laboratory findings included the following The 
Kahn reaction of the blood was negative The red blood 
cell count was 5,000,000 per cubic millimeters and the 
hemoglobin content 85 per cent (Sahli) The white 
blood cell count varied from 4,250 to 5,750 pei cubic 
millimeter, a typical differential count showing 70 per 
cent polymorphonuclear cells, 3 per cent eosinophils, 18 
per cent lymphocytes and 9 per cent monocytes The 
total serum protein was 8 2 Gm per hundred cubic 
centimeters, with 3 9 Gm of albumin, and 4 3 Gm of 
globulin The serum bilirubin content was 0 66 mg per 
hundred cubic centimeters, and the icteric index ranged 
from 2 to 5 The sedimentation rate was 26 mm per 
hour (Wmtrobe) Sternal aspiration revealed a few 
extracellular organisms believed to be Histoplasraa 
capsulatum Lymph nodes were obtained for section, 
anmnl inoculation and cultural studies The sections 
showed mam phagoevtes filled with Histoplasma 
capsulatum Young mice were inoculated i- intra- 
vcnouslv with ground suspensions of the Ijmph nodes 
All died with histoplasmosis Culture of the nodes on 
blood agar slants at 37 5 C viclded the veasthke form 


of Histoplasma capsulatum Cultures of the nodes on 
Sabouraud’s medium yielded pure cultures of the 
mycelial form of the same organism All cultures ot 
the blood weie negative Daily blood films failed to 
reveal organisms at any time Roentgen examination 
of the chest levealed nothing abnormal 

The patient was treated with graduated doses of I 
heostam,!" a pentavalent antimony preparation, given ' 
intravenously After a total of 0 56 Gm had been 
administered, this therapy was discontinued because of 
toxic reactions manifested by nausea, vomiting, severe 
prostration and what appeared to be an early stomatitis 
Sodium thiosulfate in 10 pei cent solution was then 
given intravenously, 10 to 30 cc daily, a total of 14 5 
Gm being administeied during the couise of nine days 
Treatment was without avail, and the symptoms present 
on admission gradually increased The temperatuie 
ranged up to from 99 5 to 101 5 F daily Within a 
shoit period the patient became stuporous, and on Jan 
20, 1941, respirations ceased 

At autopsy, peripheral lymphadenopatliy such as had 
been described clinically was present The peripheral 
lymph nodes weie enlarged to as much as 1 cm in 
diametei They were firm and freely movable In 
addition, tracheobronchial, mesenteric and reti operitoneal 
lymph nodes were enlarged to as much as 3 cm in 
diameter A few of them showed small, ii regular, 
creamy' yellow areas of caseation necrosis 

The right tonsil was moderately enlarged and showed 
a creamy y^llowr chronically ulcerated surface The 
lemaindeF "Of tlTtoiOTislllar tissue was moist, grav and 
finely granular in appearance The mucous membrane 
of the phaiynx, the postenoi surface ofThe tongue, bolh 
surfaced of~tlre~e piglottis and the mucosa ot thei lary nx 
shovrcd"donie=ghape3”gray nodules from 1 to 5 mni in 
diameter and~elevare3"l to 3 mm The central portion ' 
of scveral-of-these-revealgd small'll regular y'ellovv area? 
of necrosis Mici oscopic—sectibns ^df "these"" lesions 
showed "'cT granula ^n tissue containing great nti mheis 
of laige mononucle af phagocytes The p hagoevtes weie 
heav'ily parasitizedTiy the yeasthke form df Histoplasma 
capsulatum 

No significant pathologic change was seen m the heart 
The lungs were normal in size and shape and w'eighed 
290 and 440 Gm respectively The right lung, which 
was the heavier, showed evidences of congestion and 
edema of the lower lobe Both lungs had a fine sandv 
feel to palpation The cut surface revealed ten to twentv 
small, firm nodules, 0 8 to 10 mm across, which ac- 
counted for the sandy textuie The nodules were pale 
pink Microscopically, these lesions consisted of ii- 
regularly arranged large mononuclear cells lying in a '' 
slightly vasculai stroma Numerous lymphocytes were ' 
scattered through the lesions The centers of some of 
the lesions were the sites of caseation necrosis How- 
ever, the lesions did not closely lesemble ordinarv 
miliary tubercles No acid-fast organisms could be 
found in them, and only one body resembling the yeast 
form of Histoplasma capsulatum was found after ex- 
tended search There was chronic catarrhal bronchitis 
Anthracosis and an old fibrocaseous tuberculous nodule 
were found in the bronchial Ivmph nodes 

The liver was moderately and uniformly' enlarged 
weighing 1,900 Gm The capsular and cut surfaces 
show ed an unusual mottling, with wide gray -white 
bands of tissue separating lobules of brown livei 
parenchyma ^Microscopically, the gray'-white tissue 
consisted of bands of voung connective tissue which filled 7 
the portal spaces, widening and distorting them Scat- 

17 Stibamine glucoside (Burroughs-Wellcome &. Co 
Inc , New York) 


PARSONS-ZARAFONETIS— HISTOPLASMOSIS 


/ 


tered through this gianulation tissue, moderate num- 
bers of lymphocytes and large mononuclear phagocytes 
were seen Many of the latter were parasitized by 
Histoplasma capsulatum 

The spleen was slightly enlarged, weighing 205 Gm 
The cut surface revealed unusual prominence of the 
Ijmphoid follicles A few of these showed small yellow 
areas of neciosis Micioscopically, several large mono- 
nuclear phagocytes, some of them parasitized, were 
seen among the lymphocytes m the malpighian cor- 
puscles At the periphery of some of the malpighian 
corpuscles, there were miliary granulomatous lesions 
lesembling those described m the lungs and containing 
organisms Caseation necrosis was present in the largest 
of these There was an acute exacerbation of chronic 
passive congestion 

Extensive pathologic change was present in the 
adrenals They were gieatly enlarged, the left weighing 
70 and the right 65 Gm The surfaces were mottled 
giay and white, and each was very firm to palpation 
The cut surfaces of each adrenal showed dense gray- 
white tianslucent strands of fibrous tissue interspersed 
between large, irregular, yellow areas of caseation 
neciosis No normal adrenal cortex could be found 
Study of microscopic sections revealed laige mono- 
nuclear phagocytes lying at the margins of large areas 
of caseation necrosis The phagocytes were very heavily 
parasitized The organisms in the phagocytes measured 
from 18 to 4 8 microns, with an average of 2 98 by 
3 3 microns, including the capsule Excluding the 
capsule the lange was 1 35 to 3 3 microns, with average 
figures of 1 68 by 1 9 microns Cords of young fibro- 
blastic connective tissue coursed between the areas of 
caseation necrosis The adrenal capsule was fibrosed 
Parasitized mononuclear phagocytes were present out- 
side and inside the capsule Only a few small islands 
of recognizable adrenal cortical tissue could be found, 
although many blocks of tissue were studied 
The kidne 3 ^s were normal m size and shape Micro- 
scopically, a few small nodules of granulation tissue of 
the type that has been described were found in the 
interstitial tissue A few organisms were found in 
these areas 

Large chronic ulceis were found in the mucosa of 
the small and large intestines Each of these had a 
firm, thick, rounded edge and a relatively firm base 
The surface of the ulcers was gray and slightly granulai 
On the peritoneal surface outside the ulcers, there were 
firm, raised, gray-white fibrous areas From the 
maigins of these areas, white threadlike strands ex- 
tended circumferentially beneath the serosa In the 
small intestine, the long axis of the ulcers and of the 
fibrous plaques extended around the intestine and 
the threadlike strands extended radially toward the 
mesentery Microscopically, the base of each ulcer 
consisted of chronic gianulation tissue containing young 
fibrous connective tissue and parasitized large mono- 
nuclear cells The thin threadlike strands seen grossly 
were lymphatics which were filled with the same type 
of granulation tissue Grossly these ulcers closely 
lesenibled tuberculous ulcers, but acid-fast stains failed 
to reveal anj’’ organisms resembling Mj^obactenum 
tuberculosis The ulcei s ^ aried from 0 3 to 4 0 cm in 
their greatest diameter In the small intestine they 
were most numerous in the ileum None was present 
in the duodenum 

In addition to the changes just described, small 
granulomatous lesions resembling those desciibed were 
found in the submucosa of the appendix and in a para- 
tlnroid gland 

The yeastlike form of Histoplasma capsulatum \vas 
easih grown in pine cultuie from the direct smear of 


adienal tissue on a blood agar plate incubated at 37 C 
This was properly identified by growth of the mycelial 
form of the fungus 

Case E (case 71, table) — M K , a 60 yeai old white 
American farmer, had been well until October 1942 
At that time he noticed a swollen, tender area on the 
left side of the upper surface of his tongue The lesion 
spread down over the side of the tongue to involve the 
floor of the mouth Considerable pain was associated 
with it About Npvember 1, the upper lip became 
swollen and painful The lesions progressed until he 
entered the University Hospital, Jan 18, 1943 

Physical examination revealed a_punched-out, smooth, 
wel l circum scribed ulceration on tTie top ot the tongue 
which measured ^ by 6 cm 'i'he ulcer was dxtremely 
tende F when touched Sw^ling of the entire upp er lip 
was present, and on the left side there was an ulcer 
4 by 1 5~ctti , inst \\ Lhhin-4jtifl--wxmiliQ n borde r This 
lesion was also exquisitely tender A palpable lymph 
node was found in the left submaxillary region He 
was edentulous and had worn dentures for twenty yeai s 
His weight on admission was 120 pounds (54 Kg), this 
representing a loss of 15 pounds (7 Kg ) during the 
past few months The remainder of the physical exami- 
nation showed no significant variations from normal 
The liver and spleen were not palpable The blood 
pressure was 120 systolic and 60 diastolic, and the ad- 
mission tempeiature was noimal 

The laboratory findings during his illness weie as 
follows The Kahn reaction of the blood was negative 
repeatedly A Kahn test of the spinal fluid and a Kline 
test of the blood also gave negative results The hemo- 
globin content ranged from 63 to 67 per cent, and the red 
blood cell counts varied from 3,800,000 to 4,000,000 and 
the white blood cell counts from 4,050 to 9,800 per 
cubic millimeter A typical differential count was poly- 
morphonuclear neutrophils 74 5 per cent, lymphocytes 
14 per cent, monocytes 10 per cent, eosinophils 0 5 per 
cent and basophils 1 per cent (This patient had been 
in the University Hospital in 1940 with herpes zoster 
oticus Red blood cell counts at that time ranged from 
4,200,000 to 4,380,000 and white blood cell counts from 
5,600 to 6,550 Differential counts at that time were 
not significantly different from that just given) Re- 
peated careful study of the blood smears, smears of 
the huffy coat from centrifuged blood and smears of a 
sternal marrow failed to show Histoplasma capsulatum 
Vacuolation of the monocytes was noted in one of the 
blood smears The urine was essentially normal until 
early in June, when 3 to 5 red blood cells and 10 white 
blood cells per high power field and a trace of albumin 
were found There were similar urinary findings a few 
days latei The nonprotem nitrogen content was 42 mg 
per hundred cubic centimeters and the serum calcium 
content was 9 3 mg 

A tuberculin test showed a minimal positive reaction 
forty-eight hours after the intracutaneous injection of 
a 1 100 dilution of old tuberculin The reaction to a 
cutaneous test with 1 1,000 coccidioidin was negatiie 
Cutaneous tests for histoplasmosis gave negatue 
results with dilutions of 1 10,000 and 1 1,000 Ag- 
glutination tests for tularemia and undulant fever also 
gave negatue results 

The elevations in temperature were irregular at first 
During the fiist two w'eeks the temperature was wuthin 
the noimal range on all except two days, when there 
was an elevation to 102 F Then the temperature was 

18 Zarafonetis, C J D , and Lindberg, R B Histo- 
plasmosis of Darling Observations on Antigenic 
Properties of Causative Agent Preliminary Reooit, 
Univ Hosp Bull Ann Arbor 7 47 (June) 1941 
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ele^ated to 101 or 102 F daily for two weeks Next, 
for a period of three weeks, the temperature was in 
the normal range most of the time and never rose to 
100 F After March 14 there was a daily spiking of 
the temperature curve, with daily return to normal or 
below The peak temperatures were usually 101 or 
102 F , but on a few occasions temperatures of 104 
and 105 F were attained Associated with these high 
temperatures there was frequently a mild chill 

During the patient’s first three weeks in the hospital, 
material was removed from the ulcerated areas of the 
lip and tongue for histologic examination and for 
culture and animal inoculation The first biopsy material 
showed evidence of a chronic mfectne granuloma No 
organisms were found in the sections The lesion had 
many of the attributes of tertiary syphilide The 
second biopsy showed the same general characteristics, 
but this time some of the granulation tissue had a 
nodose character Acid-fast stains failed to reieal Mjco- 
bacterium tuberculosis, but the Giemsa stain revealed a 
few' intracellular yeastlike bodies These bodies were 
of much larger size and of different shape than Histo- 
plasma capsulatum The organisms were described 
and It was stated that thej might indicate a form of 
pathogen wnth which w'e w'ere unfamiliar or that the> 
might consist of secondarj imaders Histoplasma 
capsulatum w'as not seen in other biopsj specimens of 
the lip and tongue 

Anaerobic and aerobic cultures, cultures for tubercle 
bacilli and cultures for fungi were made of fresh 
fragments of tissue at the time of the biopsies just 
mentioned These cultures, as w’ell as many others 
made of smears of the ulcers and of the sputum 
and urine, all failed to reieal a significant pathogen 
Guinea pigs inoculated w'lth fragments of tissue and w ith 
concentrated sputum failed to show any evidence of 
infection 

The lesions of the lip and tongue remained approxi- 
matelj unchanged for several weeks Granulomatous 
ulcerations de\ eloped in the pharynx and larynx during 
the early part of March These were widespread and 
finalb caused extreme dysphagia and complete aphonia 
Biopsy and culture of the pharyngeal tissue revealed no 
clues as to the nature of the process 

Late in March there was evidence of a pneumonitis 
at the base of the right lung This cleared after a 
few w'eeks, and a similar process developed at the base 
of the left lung m the latter part of April A wudely 
disseminated generalized fine granularity of both lungs, 
more pronounced on the right, w'as noted in roentgeno- 
grams early in April, but it appeared to have retro- 
gressed somewhat by the end of the month 

Many forms of treatment were tried without aiail 
klouth washes with potassium permanganate solution, 
sw'abbings with tincture of iodine and gb'cenne and 
irrigations of the throat with hot saline solution were 
all used to combat the oropharyngeal ulcerations Intra- 
muscular mjections of a bismuth preparation and oral 
admmistration of potassium iodide were used During 
a period of one week early in March, 6 Gm of sulfa- 
diazine was given each day This did not alter the 
progress of the pharyngeal and laryngeal ulcers Potas- 
sium and antimony tartrate w'as given intravenously in 
increasing amounts during two of the last three weeks 
of life After the application of 900 r of roentgen 
radiation to the lesion of the lip and to each side of 
the neck, there was a subsidence of the extreme tender- 
ness in the labial and pharyngeal lesions During this 
treatment, the lesions of the hp and tongue showed 
considerable regression but failed to heal 

The patient’s general condition gradually became 
w’orse There was further loss of weight to 99 pounds 
(44 5 Kg ) The dv sphagia became so severe that it 


was necessary to perform a gastrostomy The Iner 
became barely palpable on deep inspiration Finally 
several transfusions of whole blood were given After 
the last of these the patient appeared to go into shock 
The heart rate was irregular, and an electrocardio- 
graphic tracing show'ed many showers of ventricular 
extrasystoles Chejne-Stokes respiration developed, and 
respirations ceased on July 16, 1943 
An autopsy was done one hour and fifteen minutes 
after death There w'as nothing remarkable on external 
examination The left side of the tongue showed a 
large ulcerated area (fig 5), which measured 4 cm in 
Its greater diameter The edges of the ulcer were 
rounded and smooth, while the base of the ulcer 
was red and smooth in appearance On the posterior 
surface of the tongue there were numerous irregular, 
raised gray nodules w’hich did not appear to be ulcerated 
Similar nodules were seen in the mucosa of the pharynx 
The tonsils were not remarkable There was slight 
thickening of the epiglottis, and a granular, ulcerated 
area coiered much of its laryngeal surface The entire 
mucosa of the larynx was thickened, and its surface 
presented an ulcerated, grav, finely granular appearance 
The local cords had been almost completelj destrojed 



4 cm m its greater diameter Histoplasma capsulatum, 
in the yeastlike form was found in large mononuclear 
phagocites in the base of the ulcer (+ 1 ) 

bj the ulcerative process The trachea showed no gross 
pathologic change 

Delicate fibrous adhesions were found in each pleural 
space The left lung weighed 380 and the right 520 
Gm A generalized fine nodularitj was noted through- 
out both lungs A 1 cm , well defined fibrous nodule 
was found in the upper lobe of the right lung, and a 
similar nodule was found in a bronchial lymph node 
A small atelectatic area was found at the base of the 
right lung The bronchi were not remarkable The 
bronchial lymph nodes were slightly enlarged They 
showed anthracotic pigmentation and were rubbery 

The heart was normal in shape and weighed 320 Gm 
The mjocardium was flabby and of normal thickness 
The chambers were of normal size On the atrial 
surface of the leaflets of the tricuspid valve there were 
three raised, moderately firm, yellowish, verrucous 
vegetations The largest of these measured 2 cm in 
height and protruded into the right ventricle The 
other two lesions were sessile Except at the base of 
the vegetations there was no thickening of the leaflets 
A small fibrous adhesion was found close to the com- 
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missures of two of the pulmonic cusps The mitral and 
aortic valves showed only changes incident to athero- 
sclerosis 

There was no gross abnormality of the spleen, which 
weighed 140 Gm The firm liver was slightly enlarged, 
weighing 1,980 Gm The mesenteric lymph nodes were 
not unusual The kidneys weighed 140 and 150 Gm 
The left showed three -whitish subcapsular nodules ap- 
proximately 1 mm in diameter The remainder of the 
organs, including the brain and a segment of the spinal 
cord, were without significant gross changes 
Cultures were made of material from the lesions at 
the base of the tongue, the ulcerated areas in the larynx 
and the large vegetation on the tricuspid valve 

Routine sections of the tricuspid vegetation showed 
large masses of fibrin attached to the ulcerated surface 
of the tricuspid valve A few fibroblasts could be seen 
growing into the base of the vegetation, and a few large 
mononuclear cells, apparently phagocytes, were seen in 
the meshes of the fibrin near the base of the vegetation 
as well as in groups near its surface No recognizable 
etiologic agent could be found in the routinely stained 
sections However, after sections were stained with 
Giemsa stain, veritable colonies of small encapsulated 
yeastlike bodies having the size, shape and staining 
attributes of Histoplasma capsulatum were readily seen 
These colonies were found deep in the masses of fibrin 
and were entirely extracellular In these colonies a 
few of the organisms attained a greater size than we 
have previously seen, the largest being slightly oval and 
measuring 10 S by 9 microns The chromatin mass 
within the capsule measured 7 5 by 6 5 microns 
Numerous budding forms were present Sections of 
one of the smaller vegetations showed small colonies of 
the usual pathogenic form of Histoplasma capsulatum 
surrounded by thick, hyaline masses of fibrin Some 
of these colonies were attached to the ulcerated surface 
of the valve Others were seen between the collagen 
fibers of the valve, some distance below a surface that 
was covered by apparently normal endothelium There 
was no evidence of cellular activity about these At 
one point, just beneath the endothelium, numerous 
organisms weie seen free in the tissues and not sur- 
rounded by fibrin 

Examinations of the lesions on the tongue, in the 
pharynx, on the epiglottis and m the larynx revealed 
extensive ulceration of the mucous membrane The 
base of the ulcer in each case was formed by granula- 
tion tissue which consisted of moderately vascular fibro- 
blastic connective tissue heavily infiltrated with plasma 
cells and lymphocytes Protracted examination of this 
granulation tissue revealed a few large mononuclear 
phagocytes The cytoplasm of many of these phagocytes 
contained one or more Histoplasma capsulatum organ- 
isms, but they were not present in the great numbers 
that we had seen in the earlier cases The organisms 
were found most easily at the margins of the ulcers, 
beneath intact epithelium None was found in the cyto- 
plasm of the plasma cells or lymphocytes A striking 
feature of several of these ulcers was the nearly com- 
plete lack of polymorphonuclear neutrophils m the 
granulation tissue forming the base of the ulcers Mast 
cells were found in small numbers throughout the 
granulation tissue 

A few Histoplasma capsulatum organisms ^\ere found 
in large mononuclear phagocytes in the leptomeninges 
over the base of the brain in one section and in the wall 
of a small meningeal artery A few were found in the 
media of the aorta and in the wall of a small adventitial 
artcrj of the aorta These organisms did not appear 
to be intracellular In the lungs numerous small nodular 
lesions were visible to the unaided eye in the sections 
Microscopically most of these were seen to consist of 


small, irregularly shaped masses of connective tissue 
which showed heavy anthracotic pigmentation There 
were a few sharply circumscribed lesions which con- 
sisted of large mononuclear phagocytes surrounded b> a 
narrow band of lymphocytes A few giant cells were 
found in the centers of the lesions These lesions closelj 
resembled true miliary tubercles, but stains for acid-fast 
bacilli revealed no tubercle bacilli and an occasional 
Histoplasma capsulatum organism was found m the 
phagocytes and in the giant cells A few organisms 
were likewise found in the cytoplasm of alveolar phago- 
cytes One section showed a whorlcd fibrous scar which 
was believed to be the remains of a healed pnman 
tuberculous infection A similar healed fibrous nodule 
was seen in a bronchial lymph node No identifiable 
organisms were found in the bronchial lymph nodes 

Small granulomatous nodules consisting of young 
connective tissue, moderate numbers of lymphocytes and 
plasma cells and a few large mononuclear phagocytes 
were seen m the liver and pancreas Minute exami- 
nation of these lesions revealed an occasional pale 
acidophilic-staming body having the size and shape of 
Histoplasma capsulatum, but they could not be definitely 
identified as such A few Histoplasma capsulatum 
organisms were found in the cytoplasm of a small gioup 
of mononuclear cells in the wall of one of the ureter^; 
and a few were found in the bone marrow from a rib 
No organisms were found in the pancreas, spleen oi 
mesenteric lymph nodes or m the other organs of the 
body, except those specifically mentioned 

The cultures made at the autopsy failed to yield a 
growth of Histoplasma capsulatum or any other fungus, 
m spite of the fact that the materials were taken and 
handled by one thoroughly conversant with the cultuial 
characteristics of Histoplasma capsulatum 

After the facts just cited were known, the biopsj 
specimens were reexamined Careful search with the 
oil immersion objective revealed Histoplasma capsulatum 
in each of the slides that had been previously examined 
The organisms occurred, for the most part, 1 or 2 
within a cell, instead of in the large numbers which we 
had seen previously, and it was necessary to search 
one section for an hour before the first organism was 
found This experience has taught us that Histoplasma 
capsulatum may be exceedingly difficult to find even in 
well stained preparations While in the vast majority 
of instances hematoxylin, in a hematoxylin and eosin 
stain, stains the organisms well enough so that they 
can be identified, on some occasions this method fails 
In all instances it would appear to be desiiable to 
search carefully sections stained with the Giemsa or 
the Masson trichrome method 

Cash F (case 13, table) — A 12 year old boy, who 
lived in Ohio, suffered from what was considered to be 
aplastic anemia and was sick for eleven weeks before 
death An autopsy was performed, and the essential 
abnormal condition noted was a generalized h mph- 
adcnopathy, especially of the mesenteric nodes A slide 
prepared from one of these nodes was sent to the 
department of pathology in May 1936 A descriptive 
diagnosis of intracellular parasites was given at that 
time After the diagnosis made m case A, this 
material was reexamined and the markedly hjperplastic 
reticuloendothelial cells of the lymph node were found 
to contain many organisms that were morphologicalh 
identical with Histoplasma capsulatum as it occurs I'n 
the tissues The organisms had been seen but not 
identified in 1936 

Case G (case 49, table) — ^This case is reported here 
because of its unusual interest It is published with 
the permission and approval of Dr Paul Steiner and 
Dr Paul Cannon, of the department of pathology of 
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the Universitj of Chicago Dr Steiner provided us 
uith the data The patient was a white Illinois 
farmer 56 >ears of age He became ill m October 
1939 There were abdominal pain, vomiting, anorexia, 
loss of weight, dyspnea, a mass m the abdomen and 
hraphadenopathy By biopsy of an inguinal lymph 
node m January 1940, Hodgkin’s disease was diagnosed, 
and the nodes responded well to roentgen therapy 
Later there was a papular eruption of the skin which 
was thought due to Hodgkin’s disease All the 
peripheral lymph nodes were enlarged, discrete and 
nontender Some were as large as a golfball Roent- 
genographs of the thorax showed widening of the 
mediastinal shadow The liver could not be felt until 
terminal!}, when it was palpable 2 cm below the costal 
margin The* spleen was always palpable 4 to 8 finger- 
breadths below the costal margin There was no fever 
early in the illness, but later there was irregular eleva- 
tion of temperature up to 103 F Toivard the end, the 
pulse rate was 120 and the blood pressure was 110 
s}stolic and 76 diastolic Laboratory findings included 
red blood cells, 4,400,000 to 3,200,000, hemoglobin, 78, 
56 and 70 per cent in successive determinations, white 
blood cells, 11,300 to 1,400 (terminal), with differential 
counts of 56 to 62 per cent neutrophils, 23 to 31 per 
cent l}’mphoc} tes, 2 to 10 per cent mononuclear cells, 
5 to 7 per cent eosinophils and 1 per cent basophils 
Later the number of monocytes went up to 12 per cent 
The urine show'cd albumin on one occasion, and a 
positive reaction to a benzidme test was obtained from 
the stool on one occasion 

The autopsy w^as done by Dr Steiner on Sept 13, 
1940 It showed the t}’'pical lesions of Hodgkin’s 
disease in\ohing the abdommal lymph nodes, spleen, 
Iner and bone marrow Microscopic examination also 
re\ealed the lesions of histoplasmosis in peripheral and 
Msceral l}mph nodes, lungs, liver, spleen and bone 
marrow' The kidneys and adrenals showed no organ- 
isms Bone marrow from eight different bones was 
examined, and it was extensively replaced by small 
areas of necrosis which were surrounded by large 
mononuclear phagoc}'tes These contained great num- 
bers of organisms which were morphologically identical 
with Histoplasma capsulatum In the bone marrow the 
lesions of Hodgkin’s disease w'ere sometimes separate 
and sometimes intermixed with the much more extensive 
lesions of histoplasmosis It was Dr Steiner’s opinion 
that the leukopenia was caused by the replacement of 
the marrow' b} the latter lesions It is agreed by the 
pathologists who have seen the sections from this case 
that both Hodgkin’s disease and histoplasmosis were 
present The history of the case suggests that Hodg- 
kin’s disease came first, but of course this cannot be 
pro\ed The question must be asked Did Hodgkin’s 
disease, a disease in w'hich cells of the reticuloendothelial 
s}stem become malignant, predispose this man to histo- 
plasmosis a disease which is characterized by the 
parasitization of the cells of the reticuloendothelial 
s}stem b} the }eastlike form of the fungus Histo- 
plasma capsulatum’ 

The following are brief notes on a few addi- 
tional cases which ha\e come to our attention 
but which hate not appeared in the literature 
as tet 

Case H (case 17, table) — A 68 }ear old white 
woman, a patient of Dr Karl O Stingily, Afendian, 
Afiss , who had alw'a}s li\ed in Mississippi, w'as first 
seen in 1937 with an ulcer on the tongue. Biopsy of 
the ulcer led to the diagnosis of carcinoma, grade I 
The lesion was treated with radium and healed One 


year later two ulcers appeared, and another biops} 
showed extensive infiltration of the base of the ulcer 
with large mononuclear phagocytes which were heavil} 
parasitized with organisms morphologically the same 
as Histoplasma capsulatum One of us (R J P ) 
has had the privilege of examining the second specimen 
from this case and of confirming the diagnosis After 
this second biopsy, the lesions were treated with “super- 
ficial” roentgen irradiation and healed At the time of 
w'nting, after the lapse of five years, the patient is in 
good health and shows no mamfestations of the disease 

The husband of this patient also had a chronic 
punched-out ulcer on his tongue This ulcer antedated 
the one in case H by several months, according to 
Dr Stingily This of course suggests direct contact 
infection It was not possible to obtain a specimen for 
biopsy, and the patient died in 1941 Since autopsy was 
not allowed, proof of the causation of the ulcer is 
lacking 

Case I (case 60, table) — A 63 year old white man, 
a patient of Dr Benjamin Manchester, Washington, 
D C, had splenomegaly and hepatomegaly Toward 
the end of his illness, in 1941, he showed evidence of 
adrenal insufficiency He died in spite of treatment 
w'lth adrenal extract At autopsy there was bilateral 
adrenal necrosis due to histoplasmosis Organisms 
could not be found in any other organ of the body 
The diagnosis of histoplasmosis was confirmed b} 
Colonel Ash, of the Army Medical Museum 

Case J (case 65, table) — The information on this 
case was sent to us by Dr Edward L Burns, of the 
Louisiana State University School of Medicine A 55 
year old white man, a native of Louisiana, entered the 
hospital complaining of hoarseness following a “chest 
cold” There was dysphagia, and ulcers appeared at 
the angles of the mouth and on the hard palate The 
aryepiglottic folds were thickened The submental and 
cervical lymph nodes were enlarged, but the liver and 
spleen were not enlarged The blood counts were 
within normal limits The urine showed a trace of 
albumin The patient died in October 1942 At 
autopsy disseminated histoplasmosis was found One 
of us (R J P ) chanced to see a section from the 
larjnx in April 1943 

re\t:e\v of the present status or 

HISTOPLASMOSIS 

A study of the literature of histoplasmosis has 
been made, and a brief summary of the clinical 
data and autopsy observations for each case, when 
such are available, is given in the accompanying 
table The table includes 6 cases which have 
been obsen'ed at the University of Michigan, 5 
of which have previously been mentioned in the 
literature^® but not described in detail Also 
included are the available data on 15 cases which 
have not yet appeared in the literature Several 
of these cases w ill undoubtedly be published, and 
w e are indebted to the physicians concerned with 
them for the information tliat they have made 
available at this time 

19 (a) Melcney, H E Histoplasmosis (Rcticulo- 
Endothelial Q-tom} cosis) A Renew w'lth Mention of 
Thirteen Unpublished Cases, Am J Trop Afed 20: 
603 fjul}) 1940 (6) Parsons, R. J The Histo- 

patholog%' of Hsitoplasmosis in Alan, astracted. Am 
J Path 17 582 (Jul}) 1941. 
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INCIDENCE AND DISTRIBUTION OF 
HISTOPLASMOSIS 

Foi the purpose of giving as accuiate an idea 
as possible of the fiequency of histoplasmosis, oi 
at least the fiequency of recognition of the dis- 
ease, the cases in tlie table have been arranged, 
as nearly as possible, in the Older of then occui- 
rence rathei than in their order of publication 
In some instances it has been impossible to estab- 
lish this 01 del accurately, and in these instances 
we have made as close an appi oximation as pos- 
sible 

It will be noted that since 1936 the numbei 
ot cases of the disease appears to have increased 
suddenly, so that 15 cases weie discovered in 
1939 and 12 cases in 1940 Since the distribution 
of the disease appeals to have been woildwide 
(see following section) ovei the past thiee 
decades, one is tempted to think that the leason 
toi the apparentl)’- increased incidence lies in bet- 
ter recognition lather than in a truly inci eased 
fiequency of occurrence Indeed 3 of the cases 
(4, 13 and 21) were propeily identified fiom two 
to eighteen yeais aftei the patient's death How- 
eter, if one is to believe that the increase in 
number of cases is due only to better recognition, 
it IS remarkable that many more cases have not 
been identified from the literatuie and fiom oldei 
cases m many laboratories Search through laige 
numbei s of repoits of the older complete autop- 
sies at the University Hospital has failed to 
reveal a single case of histoplasmosis During 
tlie fall of 1938 and the spring of 1939 a total of 
4 cases of histoplasmosis was found m Southern 
^Iichigan by thiee pathologists Each of these 
pathologists recognized the disease as something 
new to him, and each arrived independently at the 
proper diagnosis Five other cases occurred in 
Michigan during the next two jears, and still 
another patient died of the disease in July 1943 
Similaily, the first case to be found m Nashville, 
Tenn , was diagnosed m 1932 No moie cases 
were encountered there until 1937, and from 
1937 through 1942 one or moie cases have oc- 
curred each yeai It seems most probable that 
the incidence of the disease is definitely on the 
mciease 

Distuhntioii — Geographic Incidence The dis- 
ease is widespread throughout the woild In the 
various countries, cases have occurred as follows 
Austria, British Honduras, East Java, England, 
Mexico, the Philippines and Southern Rhodesia, 

1 case each , Argentina, 2 cases , Brazil and the 
Panama Canal Zone, 3 cases each, and the United 
States, 56 cases The cases in the United States 
have been distributed as foIIow^s Florida, Iowa, 
Louisiana, ^Maryland, Minnesota Mississippi, 


New York, North Carolina, Ohio and Oklahoma, 
1 case each , Alabama, California, Kentucky, 
Texas, Virginia and Washington, D C , 2 cases 
each, Indiana, 3 cases, Illinois, 4 cases , Tennes- 
see, 7 cases, and Missouii and Michigan, 10 
cases each It can be seen that more than a third 
of the cases have occurred in foui Midwestern 
States 

Instead of histoplasmosis being a disease with 
a tiopical distribution as suggested by Darling 
it IS now appaient that it must be looked for in 
the temperate and subtropical legions of the 
world as well 

Race The race to which each patient with 
histoplasmosis belonged is given in column 5 ot 
the table Data aie available m 63 cases The 
disease has been seen in 51 wdiite persons 7 
Negroes, 2 mulattoes, 1 Javanese, 1 Chinese and 
1 Honduranean 

Sex Histoplasmosis occuis moie fiequently 
m males than in females, as demonstrated by the 
data in the table In the 65 cases in which data 
are available, 51 patients weie male and 14 weie 
female If these figures aie broken down furthei, 
it is found that up to and including the age of 10 
years the incidence is the same m the two 
sexes, theie being 8 patients of each Of the 49 
patients older than 10 years of age. 43 w'eie 
males and 6 w ere females 

Age Eveiy age group is susceptible to mfec- 
fection wuth Histoplasma capsulatum The table 
gives the ages of 60 patients in the present senes 
of cases They aie distributed as follows 0 to 1 
year, 11 , 1 to 9 years, 4, 10 to 19 years, 3 , 20 to 
29 3 'ears, 5 , 30 to 39 years, 5 , 40 to 49 yeai s 
11, 50 to 59 years, 10, 60 to 69 years, 9, and 
70 to 79 yeais, 2 The incidence is highest during 
the first year and then falls off sharply but 
reaches another peak during the fifth, sixth and 
seventh decades The first symptoms of the dis- 
ease were noted during the second month of life 
m 3 cases (27, 51 and 66) and possibly dunng 
the first month of life m case 64 The oldest 
patient reported so far is the one in case 56 
This patient died at the age of 71 yeais 

Occupation The occupations of 30 of the pa- 
tients m this senes who w^ere moie than 12 years 
of age are knowm Ten of the 30 were farmers, 

4 w'ere laboiers, 2 were bartenders and 2 weie 
waitei s There was 1 each of the following types 
of worker baker, carpenter, janitoi lawyer, 
mine manager, printer, salesman, school teacher, 
soldier, steel worker, student and teamster 

SIGNS AND SYMPTOVIS OE HISTOPLASMOSIS 

Infection with Histoplasma capsulatum is 
manifested in many different w^ays There may 
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be ulceiative lesions of the skin and/oi mucous 
membianes of the mouth and pharynx There 
may be localized oi geneiahzed lymphadenopathy 
Most of the visceia may be involved (all have 
been involved m one case oi anothei), oi only 
one oigan, such as the adienal, may be affected 
The intestinal tiact is fiequently the site of ulcer- 
ated lesions 

Skin — Of the 61 cases on which theie were 
sufficient data for analysis, m 19 some foini of 
skin lesions weie piesent ulceis m 9 instances, 
a papulai eruption m 4 (cases 4, 10, 15 and 59), 
and purpura, usually occui ring m the last two oi 
three days of life, in 6 Petechial hemoiihages and 
liullous lesions weie each noted once Chionic 
ulcers sometimes occui m the centei of the papu- 
lar lesions The ulcers are frequently deep, with 
sharp, steep edges, giving a punched-out appear- 
ance They are well illustrated m the papei of 
Bahna and associates-® The papulai eiuption is 
illustrated m the papei of Hansmann and Schen- 
ken ® 

Eai — The middle eai or the auial canal was 
the site of lesions m 8 instances True otitis media 
was described in 5 of these (cases 11, 25, 
42, 52 and 54) In case 11 the organisms vere 
demonstrated m the pus from the middle eai 
In case 30 the patient had been treated for a 
fungous infection of his eai shoitly before the 
onset of generalized symptoms of histoplasmosis 

Eye — Reid and associates,-^ m case 32, de- 
sciibed “small, white iriegular aieas sui rounded 
by hemoiihage m the oculai fundi They weie 
not unlike tubeicles ” Definitive changes m the 
eyegiounds have not been noted in othei cases 

Month and Nose — Ulceration of the mucous 
membiane of the mouth, most frequently of the 
tongue, was noted m 14 cases In 4 additional 
cases there vas ulceiation of the mucous mem- 
biane of the nose as well as of the mouth In 
^ case 64 the patient had ulcerations m the nose but 
none in the mouth Peifoiation of the nasal sep- 
tum was noted in 3 cases In cases 14 and 37 
the peifoiation was pioduced by infection with 
Histoplasma capsulatum In case 24, the pei- 
foiation appealed to be veil healed and may 
have had no relation to histoplasmosis In at 
least 4 cases (cases 17, 53, 56 and 59) the 
clinical diagnosis on lesions of the oial mucosa 
was caicinoma 


20 Baliiia, P L , Negroni, P , Bosq, P , and Her- 
rara, J A Histoplasmosis de Darling Primer caso 

I sudamencano, Rev argent dermatosif 25 491, 1941 

21 Reid, J D , Scherer, J H , Herbut, P A , and 
IiMiig, H Systemic Histoplasmosis Diagnosed Before 
Death and Produced Experimentallj’^ in Guinea Pigs 
J Lab & Clin Med 27 419 (Jan) 1942 


Pha'tyn.x — Granulomatous and ulceiated le- 
sions weie found m the pharynx in 10 instances 
The lymphoid tissue m the tonsils and m the 
mucosa of the phaiynx is most fiequentl)^ the 
site of the lesions 

Laiynv — Granulomatous and ulceiative le- 
sions appealed m the lai 3 mx m 10 instances, 
usually m association with lesions of the pharynx 
Aphonia, dysphoma and dysphagia weie fre- 
quently present with these lesions 

Lymph Nodes — The supeificial lymph nodes 
veie enlaiged in 29 of the 61 cases that can be 
analyzed The enlargement was generalized in 
16 instances The cervical nodes were involved 
alone m 5 cases and along with anothei gioup of 
legional nodes m 4 additional instances In 1 
instance (case 22) the inguinal nodes alone 
were enlarged When the lymph nodes were en- 
laiged, they fiequently leached a diameter of 1 
to 2 cm 01 more The)’^ weie model ately fiim 
and frequently weie fieely movable but occasion- 
ally were matted togethei The nodes were 
sometimes tendei There was loentgenogiaphic 
evidence of enlargement of the mediastinal lymph 
nodes m 4 instances 

Lungs — The findings in the lungs m cases of 
histoplasmosis aie vaiiable, depending on the 
degiee and the type of involvement In this 
series, cough was noted as a symptom m 1 1 cases 
Rales of various soits weie mentioned m 13 
cases A friction rub was noted 4 times, and a 
diagnosis of pneumonia was made at least 8 
tunes In 11 instances, a diagnosis of tubercu- 
losis had been made or at least seiiously entei- 
tained before death The clinical evidence foi 
tuberculosis in these cases had been apical 
opacities and cavities seen roentgenogiaphically, 
miliary lesions scattered thioughout the lungs, oi 
tubeicle bacilli m the sputum Tubercle bacilli 
veie found in the sputum m 3 instances (cases 
24, 35 and 70), while m a fouith (case 34), 
tubeicle bacilli were found in pulmonaiy lesions 
at autopsy Miliary lesions have been found in 
the lungs on several occasions (cases 24, 34, 35. 
53, 67, 69, 70 and 71) No tubeicle bacilli 
could be found in the miliaiy lesions m case 24 
in spite of the presence of pulmonary tubercu- 
losis In case 53, a single Histoplasma capsu- 
latum organism was found in one of the miliary 
lesions No tubercle bacilli vere found but this 
vas to be expected, since no active tubeiculous 
focus was present In 5 instances (cases 4, 15. 
24, 35 and 70) roentgen examination revealed 
paienchymal changes which vere considered 
typical of active pulmonary tuberculosis In 
cases 4 and 15 there was no mention of tubercu- 
losis at autops}, while in the other cases typical 
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active tuberculous lesions were found along with 
the lesions of histoplasmosis Since the signs 
and symptoms of pulmonary histoplasmosis have 
fiequently been mistaken for those of pulmonary 
tuberculosis, and especially since the two condi- 
tions may exist tpgether, the differential diag- 
nosis will be difficult The intradermal test for 
Histoplasma capsulatum infection should help 
in this regard 

Liver — The liver is frequently enlarged It 
was palpable m 39 of the 61 cases It was not 
palpable m 12 instances, and m the remainder of 
the cases the status of the liver was not men- 
tioned In patients less than 1 year of age the 
liver has invariably been enlarged In most 
instances its edge has been 2 to 3 fingerbreadths 
below the costal margin, but it may extend 7 fin- 
g:erbreadths below the costal margin The surface 
IS usually firm and smooth to palpation, while 
the edge is frequently slightly rounded Jaun- 
dice was present in cases 1 1 and 36 Ascites has 
■occurred a few times 

Spleen — The spleen was palpable in 37 in- 
stances, not palpable in 14 cases and not men- 
tioned in the remainder It was palpable in all 
patients under the age of 1 year It may be 
sufficiently enlarged to be felt below the level 
of the umbilicus, but the enlargement was more 
commonly measured in a few fingerbreadths The 
surface usually felt moderately firm and was 
smooth In all but 11 cases, when either the 
spleen or the liver was palpable the other organ 
was also palpable 

Gasti ointesiinal Tiact — The symptoms relat- 
ing to this tract are many and varied Diarrhea 
was present in 12 cases, and in case 43 the symp- 
tom complex was indicative of an ulcerative en- 
teritis Vomiting was present in 6 of the cases 
Hemorrhage per rectum occurred in cases 33 
and 37 In 1 of these (case 37) it was massive 
and recurrent, but since an autopsy was not 
done the exact relationship of the hemorrhages 
to histoplasmosis is not known Anorexia has 
been present in most of the cases, and loss of 
weight or true emaciation was almost always 
present 

Hem t — On the basis of heart murmurs and 
irregular fever, subacute bacterial endocarditis 
was diagnosed in case 63 A vegetative endo- 
carditis caused by Histoplasma capsulatum was 
found at autopsy 

22 (a) Van Perms, P A . Benson, M E , and 
Holinger, P H Specific Cutaneous Reactions with 
Histoplasmosis Preliminary Report of Another Case, 
JAMA 117 436 (Aug 9) 1941 (&) Zarafonetis 

and Lmdbergi® 


Blood Piessure — A great majority of the pa- 
tients showed no abnormality of the blood pres- 
sure However in 3 cases a striking hypotension 
has been recorded (case 43, 80 systolic and 65 
diastolic, case 50, 95 systolic and 55 diastolic, 
case 53, 88 systolic and 62 diastolic) At autopsy 
it was found that m each of these cases there 
was extensive caseation necrosis of the adrenals 
Caseation necrosis was found in several other 
cases, as will be mentioned later, but the blood 
pressures recorded for these were not abnormally 
low 

Red Blood Cell Count — ^The red blood cell 
count was recorded in 38 cases For the pur- 
pose of condensation of the data we have taken 
the average figure or the only figure that is given 
as a basis for the following statements In only 
2 cases was the count greater than 5,000,000 In 
15 cases the count was between 4,000,000 and 

5.000. 000, in 19 cases between 3,000,000 and 

4.000. 000, and in 9 cases between 2,000,000 and 

3.000. 000 , in 1 case the only count recorded was 
1,500,000 It is evident that a moderate anemia 
IS the rule in this disease and a severe anemia 
occurs fairly frequently 

Hemoglobin — ^The hemoglobin is reduced in 
proportion to the reduction in the number of red 
blood cells In each case in which the blood was 
completely studied, the anemia was described as 
a hypochromic anemia, either of microcytic or 
of normocytic type 

White Blood Cell Count — In the table we 
have recorded the only count or the highest and 
the lowest count when more than one count w^as 
available The total white cell count was recorded 
in 48 of the 71 cases A count in the normal 
range, of 5,000 to 10,000, was recorded m 23 
cases, but in 11 of these at least 1 other count 
was less than 5,000, and in 1 case above 10,000 
Counts of 5,000 or less were recorded in 28 
cases, and in 18 of these cases the counts were 
consistently below 5,000 Counts of over 10,000 
were recorded in 15 cases, and in at least 2 of 
these cases (cases 4 and 20), histoplasmosis was ^ 
associated with leukemia In 1 of the 15 there 
was an accompanying count that fell into the 
leukopenic range, and in another case, a count 
that fell into the normal range Restating these 
figures in another way, counts consistently in 
the leukopenic range were recorded in 18 cases, 
consistently in the normal range in 11 cases and 
consistently above 10,000 in 9 cases (disregard- 
ing the 2 cases of leukemia) 

Differential White Blood Cell Count — This 
shows no consistent changes and is subject to 
wade variations The neutrophilic granulocytes 



PARSONS-ZARAFONETIS— HISTOPLASMOSIS 


17 


langed from 9 8 to 91 per cent, with 45 to 80 
per cent most frequent The lymphocytes ranged 
from 8 to 80 per cent, the common range being 
20 to 60 per cent The monocytes ranged from 0 
to 16 per cent (from 1 to 4 per cent in most 
cases) In a few instances there was a considera- 
ble increase in the percentage of monocytes dur- 
ing the last few days or weeks befoie death 
The percentage of eosinophilic granulocytes 
ranged from 0 to 32 per cent, 0 to 1 per cent 
being usual From 0 to 1 1 per cent of basophilic 
granulocytes have been seen, but in the majority 
of instances no basophils were recorded 

Blood Smears — As has been pointed out, 
histoplasmosis was first diagnosed in life (case 
11) by finding the yeasthke form of the fungus 
in the circulating monocytes Sincfe then blood 
smears have been studied intensively in known 
cases of the disease, but the organisms have been 
found in the monocytes in only 2 other cases 
(cases 25 and 32), and then only late in the 
course of the infection In case 32 there was 
parasitization of both monocytes and neutrophils 
In 1 of our cases (case 47), numerous Histo- 
plasma capsulatum organisms were present m 
the cytoplasm of the neutrophilic granulocytes 
(fig 4) in smears taken on the last two days of 
life Careful examination of daily smears taken 
earlier revealed no organisms, and at no time 
were organisms found in monocytes The results 
of examination of blood smears for Histoplasma 
capsulatum can be considered diagnostically sig- 
nificant only when the organisms are found, and 
both the polymorphonuclear cells and the 
monocytes must be searched for them 

Tempei afui e — The temperature is irregularly 
elevated to a variable degree m most cases of 
histoplasmosis Most commonly it reaches 100 
to 102 F at some time during the day, but tem- 
peratures as high as 107 F have been recorded 
In only 2 instances in this series was the tempera- 
ture reported as normal Chills occurred in some 
cases, and in case 67 they recurred nightly Night 
sweats were mentioned among the symptoms in 
some cases (cases 32 and 53) 

Blood Proteins — Determinations of the blood 
proteins have been recorded in only 7 cases of 
histoplasmosis, but in each of these a definite 
abnormality has been demonstrated In 4 of the 
cases reviewed the total protein content was nor- 
mal but there was a reversal of the albumin- 
globulin ratio In case 21, the albumin ranged 
from 2 6 to 3 1 and the globulin from 4 6 to 5 2 
Gm per hundred cubic centimeters The al- 
bumin was 2 9 and the globulin was 3 7 Gm 
per hundred cubic centimeters m case 24 In 


case 53 the albumin was 3 9 and the globulin 
4 3 Gm In case 70 there was an albumin content 
of 2 5 Gm and a globulin content of 4 3 Gm In 
the 3 others (cases 11, 32 and 51), a reduction of 
the total protein to 4 3, 4 7 and 4 4 Gm , lespec- 
tively, was noted Edema was desciibed in case 
11 Albumin was present in the mine in each of 
the cases in which there was a distuibance of the 
blood proteins 

Uime — Examination of the data on the col- 
lected cases does not reveal any specific changes 
m the urine Albumin was present in 24 of the 
cases in which the urine was mentioned Casts, 
red blood cells and white blood cells were also 
present in a smaller number of cases It seems 
possible that Histoplasma capsulatum might be 
cultured from the urine of patients m some 
instances It has been cultured from the urine 
of guinea pigs that had been infected by intra- 
venous injection of the fungus by Reid and co- 
workers 

Dui ation of the Disease — Infection with Histo- 
plasma capsulatum, as far as we know now, is al- 
most universally fatal, death occurring a few 
weeks or months and raiely some years after the 
infection In the great majority of instances the 
infection lasted less than one year For the 39 
cases in this category, death occuried an average 
of five months after the onset of illness In 
another group of 6 cases, symptoms lasted from^ 
one to two years, with an average of twenty-one 
months In a third group there were 4 cases 
which lasted four, eight, ten and sixteen years 
In case 5 the patient may have had histoplas- 
mosis for many years but the history is indefinite 
The third group contains the 3 cases in which 
Histoplasma capsulatum has produced long- 
standing chronic papular and ulcerative lesions 
of the skin The average duration of symptoms 
in the 10 infants less than 1 year of age was five 
and one-tenth months, approximate!} the same 
as for the larger group of 39 patients which in- 
cluded these infants Four patients (cases 17, 
26, 57 and 59) are still living six, fi\e two and 
two years after the diagnosis was established 
Three of these (cases 17, 57 and 59) have had 
ulcerative lesions on the tongue as the only pre- 
senting sign of histoplasmosis 

METHODS OF DIAGNOSIS 

Blood Smeais — It has already been mentioned 
that the yeasthke form of Histoplasma capsula- 
tum parasitizes the monocytes and the poly- 
morphonuclear cells of the circulating blood Ex- 
amination of blood smears is the simplest and 
most readily available diagnostic procedure that 
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can be used Howevei, since in this large gioup 
of cases the oiganisms were found by examina- 
tion of the blood cells in only 4 instances, it is 
obvious that the method should be relied on only 
when the organisms aie found 

Sternal Bone Maitozv — The sternal hone 
mariov has been studied by sternal punctuie in 
at least 9 cases, the oiganism being found in 5 
of these Thiee of the cases in which this method 
of diagnosis was successful were cases of histo- 
plasmosis in infants In case 54 Histoplasma cap- 
sulatum uas successfully cultured from material 
obtained by sternal puncture 

Biopsy — In 29 of the cases in this series, it 
has been possible to establish a diagnosis by 
histologic examination of biopsy mateiial In 3 
of these cases the mateiial for biopsy was ob- 
tained by a sternal punctuie In 2 cases sternal 
marrow and othei biopsies -weie both diagnostic 
In some*' instances (e g cases 37 and 53), the 
diagnosis was confirmed b}'’ culture of some of 
the material obtained for biopsy Up to the 
present time, biopsy appears to be the most suc- 
cessful method of detecting this disease 

Cnltiues — The only means foi establishing a 
positive diagnosis of histoplasmosis at the present 
time is to obtain a culture of the organism and 
identify it by means of its definitive charactei- 
istics in the mycelial form The mycelial foim 
develops on nearly all of the ordinary bacterial 
and fungous mediums when they are kept at room 
temperatures On fungous mediums, such as 
Sabouraud’s, the mycelial form will develop at 
incubator tempeiatures, but growth is less rapid 
than at room temperatures The yeastlike form, 
as obtained directly from the tissues or the blood, 
can be grown at 37 C on blood agar and other 
neutral or slightly basic mediums which have a 
high content of piotein The tubes may oi may 
not be sealed The organism grows slowly and 
may therefore be difficult to isolate from con- 
taminants The cultures should be kept for at 
least two and bettei for thiee weeks befoie they 
are discarded as negative 

At present thei e appears to be only one species 
Histoplasma capsulatum, of the genus Histo- 
plasma The most lecent and the best discussion 
of the classification of this fungus was published 
m 1941 by Conant 

Cultuies of Histoplasma capsulatum have been 
obtained in 23 of the cases in this series This 
number would undoubtedly have been much 
higher if the culture mediums in other cases had 
not been discarded aftei a lapse of only four or 
five days In 18 instances Histoplasma capsula- 
tum was grown from the tissue obtained for 
biopsy or at autops} In 9 instances the organism 


w'as grow’ii in cultuies of the blood, and in 1 
instance it was growm from a cultuie of sternal 
mariow In case 39 it w^as cultured fiom sputum 
In several of the cases it w’^as obtained fiom more 
than one source 

Cutaneous Test — Anothei method of diagnosis 
wdnch holds some promise of being useful is a 
cutaneous test The intradeimal injection of a 
filtrate obtained from the liquid medium in wdiich 
the fungus has gi owm i esults in the production of 
eiythema and a w'heal at the site of injection in 
infected persons Such a test w^as developed and 
used successfully in a patient having histoplas- 
mosis by Van Perms Benson and Hollinger 
The same sort of test w^as developed by Zara- 
fonetis and Lirtdberg,^® and it was found to give 
excellent reactions in rabbits infected with Histo- 
plasma capsulatum The antigen used in case 71 
yielded negative results This antigen was ten 
months old and may haAC been inactive 

Inoculation of Aninwls — Many laboraton 
animals liaA^e been found susceptible to infection 
with Histoplasma capsulatum, among them 
mice,=" guinea pigs,-®“ lats,” rabbits,^^ dogs.- 
monkeys ® and chick embryos It seems prob- 
able that in some instances in Avhich it is impos- 
sible to obtain uncontaminated material for cul- 
luie, the subcutaneous, intraperitoneal or intra- 
A^enous injection of giound biopsy material into 
one 01 more of these animals might render the 
isolation of Histoplasma capsulatum simpler than 
the use of culture mediums alone In case 53, 
lymph nodes Aveie lemoved for cultuie and iso- 
lation of the organism on tAvo separate occasions 
We succeeded in obtaining the organism m cul- 
tuie each time, but Ave also successfully inocu- 
lated young mice Avitli suspensions of the nodes 
The mice aacic inoculated intiavenousl}^ and all 
became infected Avith the organism Injection 
of biopsy material fiom case 71 into guinea pigs 
failed to induce an infection Intiaperitoneal in- 
jections into mice aie knoAvn to be satisfactoiy 

TREATMEXl 

Many types of treatment foi histoplasmosis 
have been tried duiing the last ten years Some 
haA^e met Avith questionable success, but most 

23 De Monbreun ® Parsons i- Tager and Liebow i" 

23a Negroni i'*'* Redaelli and Cifern Reid and 

others 

24 Redaelli and Cifern A'*'> Zarafonetis and Lind- 
berg 1® Van Perms and others 221 

25 De Monbreun « De Monbreun, W A The Dog 
as a Natural Host of Histoplasma Capsulatum Case of 
Histoplasmosis in This Animal, Am J Trop Med 
19 565 (Nov ) 1939 

26 Ikloore, M Histoplasma Capsulatum Its Culti- 
Aation on the Chorioallantoic Membrane of the Develop- 
ing Chick and Resultant Lesions, Am J Trop Aled 
21 627 (Sept) 1941 
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have not appealed to altei the couise of the dis- 
ease In case 26, biopsy of a lymph node i esulted 
in a diagnosis of leishmaniasis On the basis of 
this diagnosis, neostam,-" an antimony piep- 
aration, was gnen with resulting clinical lecov- 
ei}' i\'Ieanwhile sections of the lymph node 
were reexamined and the propei diagnosis of 
histoplasmosis was made At the time of the 
last ieport,“® Octobei 1942, this patient was in 
good health and noiking ever}’’ day, foui yeais 
aftei his treatment On the basis of this lesult 
we gave neostam (stibamine glucoside) in case 
53 Because of the toxic effect of the drug it had 
to be discontinued when only 0 56 Gm had been 
administeied At about the same tune neostam 
was given in case 50, but it was soon lefused by 
the patient In case 57 the patient has shown 
^striking improvement following treatment, fiist 
with an antimony pieparation and then with anti- 
mony alternated with one of the new diamidme 
preparations This patient is still alive The pa- 
tient in case 69 was treated much as was the one 
in case 57 The diamidme pieparation was stilb- 
amidme (4, 4-diamidinostilbene), and the 
antimony was in the form of neostibosan 
Treatment was unsuccessful 

Case 50 is of special interest As mentioned 
in the preceding paragraph, an antimony piep- 
aiation was used first Only a small amount of 
. the substance was administered The patient 
was then given 4 Gm of sulfathiazole per day 
He continued to feel worse, hence this was dis- 
continued after ten days In addition to these 
medications, potassium permanganate soaks, 
gentian violet, 2 pei cent thymol in oh\e oil and 
sulfanilimide dusting powder all failed to induce 
healing of the supeificial lesions In this case 
the diagnosis had been established by biopsy and 
successful cultuial studies of material lemoved 
f 1 om the lip and the perianal region At autopsy, 
lesions comparable to those of histoplasmosis 
w^eie found in many organs and the adienals 
w^ere the site of caseation neciosis The tissues 
were caiefully examined by Di A L Amolsch, 
wdio IS thoroughly familiar with histoplasmosis 
He could not find oigamsms m the tissues aftei 
death, although he did find small clear areas of 
the size and shape of the capsule of Histoplasma 
capsulatum It is possible that the infection had 
been cuied by neostam or sulfathiazole and that 
the patient died of adienal insufficiency 

27 Neostam (stibamine glucoside) was obtained from 
Burioughs-Wellcome & Co, Inc, New York cit} 

28 !ManteI, cited bv Melenev Tompkins, R D 
Personal communication to the authors 

29 Meleney, H E Personal communication to the 
^ authors 

29a Stilbamidme (4, 4-diamidinostilbene) W'as ob- 
tained from Merck & Co , Inc , Rahw aj , N T 

30 Neostibosan (Bajer) is a pentavalent antimoin 
compound, dieth\lamine paraaminophenjlstibinate 


Among othei substances that have been used 
m tieatment aie blood tiansfusions, potassium 
aisemte, neoarsphenamme, sulfarsphenamme 
acetal sone, sulfanilimide, sulfadiazine, sodium 
thiosulfate, iodides, ionized metals, thymol, bone 
mairow, pentnucleotide, autogenous vaccines, 
ammonium and potassium tartrate, stibophen 
quinine, and qumaciine hydiochloiide In gen- 
eial, then use has not alteied the couise of the 
disease How^evei, it should be emphasized that 
111 many instances only small amounts of the suli- 
stances w^eie administeied and these late in the 
couise of the disease Ultiaviolet irradiation has 
been used unsuccessfuly on the superficial lesions 

Roentgen i ays and i adium have been used with 
lesults that seem equivocal After a diagnosis of 
caicinoma of the tongue by biopsy in case 17, 
tieatment with radium resulted in healing The 
ulcer of the tongue recurred one yeai latei and 
was treated with “superficial x-iays” Biops} 
of this recurrent lesion show'^ed Histoplasma cap- 
sulatum in the tissues The ulcei healed, and the 
patient has shown no evidence of histoplasmosis 
for the past five years In case 47, roentgen 
11 radiation was used in the ti eatment of enlarged 
lymph nodes that weie thought to be the site of 
lymphosarcoma The nodes were much reduced 
in size A latei course of iriadiation, also based 
on a supposition of lymphosaicoma, was given 
As stated m the case report, lymphosaicoma w'as 
not found at autopsy, and since wudely dissemi- 
nated lesions of histoplasmosis were found, it 
can be said that we weie ti eating histoplasmosis 
It IS our opinion that the second course of 
loentgen irradiation was deleteiious In case 71 
loentgen therapy in fractionated doses was ap- 
plied to large, exquisitely tendei ulcers of the 
Iip and tongue as well as o\er the legion of 
ulcei ated lesions m the phaiynx Nine bundled 
loentgens was given at each of several poits 
During and following this treatment, tenderness 
of the ulcers of the tongue and lip disappeared 
and the lesions showed some i eduction in size 
Healing never occuiied The pharyngeal and 
laiyngeal lesions showed no om deuce of impiove- 
ment following the ti eatment Roentgen therap} 
has been used in several other cases without suc- 
cess 

Amputation w^as pei formed m a case of histo- 
plasmosis of the knee (case 58), but the patient 
died nine days after the operation, so appraisal 
of this form of treatment is not possible 

OBSERVATIONS AT AUTOPSY 

Autopsies w^ere performed in 56 of the case<; 
collected m this review Since m sei eral we had 
only fiagmentaiy knowledge of the observations 
made, all of the figui es given here are undoubtedh 
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low They will be cited, nonetheless, since they 
indicate the relative liability of the various or- 
gans to involvement In the table we have identi- 
fied as instances of generalized histoplasmosis 
those cases m which the author stated that the 
involvement of the organs was generalized, and 
also those cases m which both the liver and the 
spleen as well as some other organ were involved 
When the description of the case has stated that 
certain specific organs were involved, we have 
included the more important of these in the table 

It can be noted that 40 of the cases are listed 
as instances of generalized involvement Specific 
mention of involvement of lymph nodes was 
found in 37 instances, while the lungs showed the 
lesions of histoplasmosis m at least 34 Of the 
remaining organs the adrenals were most fre- 
quently involved, lesions m them being mentioned 
18 times Caseation necrosis, which closely re- 
sembles that seen m tuberculosis, occurred m 
11 cases (cases 10, 24, 28, 40, 43, SO, 52, 53, 
60, 69 and 70) Lesions of the gastrointestinal 
tract occurred with moderate frequency and 
were found m all of the subdivisions of the tract 
Such lesions were mentioned m 15 cases in this 
series, the lesions being found m the ileum or the 
colon most frequently In many instances they 
took the form of large craterous ulcers, as m 
cases 2, 8, 43, 44 and 53 At other times, 
occasional foci of parasitized cells were found m 
the mucosa of the stomach and appendix, as m 
case 47 Lesions of the bone marrow were 
found m 16 instances The kidneys were fre- 
quently involved, foci of infection being men- 
tioned in 11 cases In some cases small granu- 
lomatous areas were found m the interstitial tis- 
sue, while m others reticuloendothelial cells m 
the glomerular tufts were parasitized Various 
lesions of the skin were described m 10 cases, but 
in several of these the direct connection between 
the infection with Histoplasma capsulatum and 
the lesions was not made clear 

As indicated previously, ulcerative lesions of 
the oral cavity are common Lesions m the 
mouth were noted m 9 autopsies, and diagnosis 
of such lesions in 6 additional cases by biopsy 
has been made The oral lesions m case 37 un- 
doubtedly belong in this class, but they were not 
examined by biopsy Lesions in the nose have 
been identified by biopsy or at autopsy m 6 
cases Histoplasmosis of the larynx has oc- 
curred at least 8 times In 2 of these cases (cases 
57 and 71) the initial lesion of the disease was 
on the tongue Lesions have been found in the 
pancreas 6 times and in the thymus 4 times 
A vegetative endocarditis has been described 
in 3 cases In case 63 the mitral and aortic 


valves were involved The aortic valve was in- 
volved 111 case 21, while m case 71 the tricuspid 
valve was involved In each of these cases Histo- 
plasma capsulatum was found m the vegetations 
A verrucous endocarditis of the tricuspid and 
aortic valves was found m case 4, but there is no 
statement as to its cause m the case report 

Lesions were found m the eai and brain in 
case 11, m the brain m case 21, m the parathy- 
roids m case 53, m the prostate m case 23, in 
the trachea m cases 15 and 62 and m the knee 
joint and femur in case 58 

Miliary lesions resembling miliar}'’ tubercles 
have been found m at least 12 of the cases re- 
viewed (cases 2, 22, 24, 34, 40, 47, 52, 53, 67, 
69, 70 and 71) In cases 24, 34 and 70, active 
tuberculosis was also present, and it may haie 
been the cause of the miliary lesions 

COMMENT 

A review of the 56 cases of histoplasmosis 
which have been mentioned or desciibed in the 
literature and of 15 cases which at the time of 
this review have not yet been published reveals a 
disease of worldwide distribution Cases of the 
disease have appeared m 20 states and in the 
District of Columbia and m 10 countries outside 
the United States The disease has been recog- 
nized m the United States at least 56 times, and 
31, or more than half, of the cases have occurred 
m states lying along the Mississippi River and 
its mam tributaries Michigan is the only state 
m which a large number of cases of the disease 
have been recognized which does not fall into 
this group If the cases observed there are added 
to the group, they bring to 41 the number of 
cases fiom the central area of the United States 
We aie unable to attribute definite significance 
to these facts or to the fact that no cases have 
been reported from the New England states 

Histoplasmosis has occurred in 51 white per- 
sons, 7 Negroes and 2 mulattoes The number 
of cases of its occurrence in Negroes appears to 
be high m proportion to its incidence in white 
persons This may indicate greater suscepti- 
bility on the part of the Negro Howevei, a 
large proportion of the cases in the United States 
has come from states having a relatively high 
Negro population This and the occupations of 
the Negro are factors which must be considered 
carefully in this connection before a judgment 
is made 

A study of the sex incidence of histoplasmosis 
yields interesting results We find that males 
and females are affected alike before the tenth 
year of life In persons over 10 years, the disease 
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has occurred 7 times m males for every time it 
lias been recognized in a female A type of 
•occupation involving exposure to the fungus in 
nature may he the determining factor The effect 
of the gonads on susceptibility may be important, 
and it IS interesting to note that of the 6 female 
patients older than 10 years of age, only 2 were 
less than 50 In other fungous diseases, such as 
actinomycosis, coccidiosis and sporotrichosis, 
infection of males is also more frequent 

Histoplasmosis has occurred during the first 
year of life in 11 cases as frequently as it has 
occurred during any later decade After the end 
of the first year the number of cases per decade 
IS very low but shows gradual and progressive 
increases to reach a plateau in the fifth, sixth 
and seventh decades In case 66, the fact that 
buccal ulcerations developed at the time that the 
child was weaned suggests that infection with the 
fungus was coincident with the start of bottle 
feeding In 3 cases the disease manifested itself 
during the second month of life This indicates 
that the fungus is most probably harbored by 
some member of the family or is closely associated 
with the environment m which the child lives 
Up to the present, congenital infection with 
Histoplasma capsulatum, such as occurs with 
toxoplasma infection,®^ has not been evident m 
any case In the future the use of the intradermal 
test on the members of the family might help m 
studying the epidemiology of the disease De- 
Monbreun,-® Thuringer,^^'^ Callahan,®^^ and Par- 
sons and Everett^®® found dogs naturally in- 
fected w'lth Histoplasma capsulatum 

The occupations of 30 patients over 12 years 
of age were stated in the data available for the 
table Ten of these were farmers, 4 were laborers, 
2 were bartenders and 2 were waiters The 
occupations of the remainder do not appear to be 
related, and it is felt that no definite conclusions 
can be drawn from these figures It must be re- 
membered that up to the present time the fungus 
has not been found in its vegetative form in nature 

The signs and symptoms of histoplasmosis 
show wide variation They occurred (consider- 
ing only the cases in which each sign or symptom 

31 Jacobson, H P Fungous Diseases A Clinico- 
^hcological Text, Springfield, III, Charles C Thomas, 
Publisher, 1932 

32 Sabin, A B Toxoplasma Neutrali7ing Anti- 
bod> in Human Beings and Morbid Conditions Asso- 
ciated with It, Proc Soc Expcr Biol & Med 51 6 
(Oct) 1942 

33 (a) Thtiringer, J AI Histoplasmosis Report 

of Its Occurrence in a Dog, Arch Path 37 140 fFeb ) 
1944 (fi) Callahan, W P, Jr Spontaneous Histo- 
plasmosis Occurring in a Dog, Am J Trop Med 24 
363 (No\ ) 1944 (c) Parsons, R. J , and E\erett, At 

Histoplasmosis in a Dog Report of a Case, to be 
published 


was mentioned) as follows Irregular, low or 
moderate fever was present in 47 of 49 cases, 
moderate to severe anemia of the hypochromic 
type, m 44 of 46 cases, palpable liver, in 39 of 
51 cases, palpable spleen, in 37 of 51 cases, 
enlarged lymph nodes, in 29 of the 42 cases in 
which they were mentioned, leukopenia, in 28 
of 48 cases , albuminuria, in 24 of 37 cases Le- 
sions of the lungs have been noted in 34 of the 
61 cases analyzed , symptoms referable to the 
gastrointestinal tract, in 28 of the 61 Twenty- 
six of the 61 patients have shown loss of weight, 
and in 19 of these emaciation was described 
Ulcerative lesions of the oropharynx were pres- 
ent m 21 of the 61 , ulcerations of the skin, in 9 , 
papular lesions, in 4, and lesions of the larynx, 
m 10 In case 32, external examination of the 
fundus of the eye showed lesions which weie 
thought to be caused by Histoplasma capsulatum 
In each of the 7 cases in which the values for 
blood proteins have been recorded they have 
been abnormal low total protein in 3 cases and 
reversal of the albumin-globulin ration in 4 
Histoplasmosis may be a disease of long or of 
short duration In more than four fifths of the 
cases the duration of symptoms averaged five 
months In 3 cases, in all of which chronic ulcer- 
ative lesions of the skin were present, the infec- 
tion appeared to have lasted for eight, ten and 
sixteen years before ending fatally The patients 
of cases 17, 26, 57 and 59 are still living after 
intervals of two to six years In 3 of these (cases 
17, 57 and 59) ulceration of the tongue was the 
only demonstrable site of infection 

In attempting differential diagnosis one should 
remember that histoplasmosis mimics many more 
common diseases It produces miliary lesions, 
ulcerations of the intestinal tract and caseation 
necrosis which resemble closely the same lesions 
produced by tuberculosis It causes enlarge- 
ment of the spleen, liver and lymph nodes 
such as one sees in leukemia and in Hodg- 
kin’s disease In case 49 histoplasmosis and 
Hodgkin’s disease occurred together It has 
been confused with Banti’s disease and atrophic 
cirrhosis It produces ulcerative lesions of 
the oropharynx and larynx, and in several in- 
stances (cases 17, 53, 56 and 59) the clinical 
diagnosis before biopsy was carcinoma In 3 
cases Histoplasma capsulatum has been the 
cause of a vegetative endocarditis The leuko- 
penia and anemia must be differentiated as to 
causation from aleukemic leukemia and other 
blood dyscrasias In cases of extreme hypoten- 
sion, histoplasmosis must be thought of as a 
possilile cause of adrenal msufficienc} Some 
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ieatures of histoplasmosis veiy closely resemble 
the leishmanian infections, kala azar, cutaneous 
leishmaniasis and espundia Smears, biopsies 
and cultures, done by persons acquainted with 
both infections, will be required for differentia- 
tion 

In the present senes of cases, biopsy has been 
the most successful method of diagnosis during 
life Biopsy with culture of the organism has 
been successful in many instances Examination 
of the sternal bone marrow has shown the organ- 
isms m 5 cases and failed to show them in 4 
Since the oiganisms have been found in blood 
smears in only 4 cases, this type of examination 
cannot be relied on for diagnosis Invasion of 
the blood cells by sufficient numbers of oiganisms 
to be found leadily in blood smears appeals to 
occur late in the disease Culture of the blood has 
yielded positive results in 9 instances Examina- 
tion by smear and by culture of the buffy coat 
of centiifuged blood might inciease the ability to 
establish the diagnosis during life Melenc} 
has suggested that monocytes which are heavity 
parasitized might be heavier than the other 
cells and therefore might accumulate at the bot- 
tom of the centrifuge tube Smear and culture 
of the sediment might prove diagnostic In case 
39 Histoplasraa capsulatum was cultured from 
the sputum of a patient supposed to have tuber- 
culosis Cultural studies of the stools have been 
suggested by Ciumrme and KesseP^" and by 
Henderson, Pinkerton and Moore,^"* in the be- 
lief that with extensive intestinal ulcerations 
Histoplasma capsulatum is probably present in 
the feces 

Histoplasmosis is a unique fungous disease 
The yeasthke form of the fungus characteristi- 
cally attacks or is attacked by the cells of the large 
macrophage, or reticuloendothelial, system Since 
cells of this group are normally present in every 
tissue of the body (^\lth the exception of cartilage 
and the cortex of bone), it is not surprising to 
find that parasitized macrophages may be found 
m any tissue In the liver, the Kupffer cells are 
most frequently parasitized, and they undergo 
hypertrophy and hyperplasia In some cases, 
e g case 53, a granulomatous process developed 
m the portal areas In most of the other organs 
single macrophages may be found parasitized, or 
large numbers of them may be found forming 
one of the components of a granulomatous lesion 
When the fungus induces a lesion on a surface, an 

34 Henderson, R G , Pinkerton, H, and Moore, L 
T Histoplasma Capsulatum as a Cause of Chronic 
Ulcerative Enteritis, JAMA 118 885 (March 14) 
1942 


ulcei With a gianulomatous base is produced. 
When the lesion is within a tissue or organ, 
granulomas occur, which in some cases lesem- 
ble niihaiy tubeicles The centers of the granu- 
lomatous lesions may undeigo caseation necrosis 
In the adrenals this process has been so advanced 
m several cases that death appears to have re- 
sulted from adrenal insufficiency 

SUMMARY 

A leview of 71 cases of histoplasmosis leveals 
a fungous disease which is being found with in- 
creased frequenc}'', paiticularly m the United 
States of America Up to the piesent time, the 
disease has proved fatal in most instances 

The most common signs and symptoms, in the 
ordei of then decreasing frequency are fevei, 
hypochromic anemia, hepatomegaly, spleno- 
megaly and lymphadenopathy Anorexia and 
loss of weight are common Ulceration of the 
oral mucosa (particularly the tongue), various 
types of cutaneous lesions and ulceration of the 
pharynx and larynx occur frequently Other 
manifestations occur occasionally 

The yeasthke, or parasitic, fomi of the fungus 
chaiacteristically is found in cells of the laige 
macrophage, oi reticuloendothelial, system At 
autopsy, the organs are found to be involved m 
the following order in respect to frequency 
spleen, liver, visceral lymph nodes, lungs, bone 
marrow, oral mucosa, adrenals, gastrointestinal 
tiact, peripheral lymph nodes, kidneys and 
larynx Vegetative endocaiditis has occuired 3 
times Any or all of the remaining organs may 
be involved 

The disease affects persons of all ages How- 
ever, It has occurred in as many cases during 
the first year of life as in any latei decade The 
first, fifth, sixth and seventh decades of life have 
shown the greatest incidence of the disease The 
sexes are equally affected up to and including 
the tenth year of life After the tenth year, 7 
out of 8 patients have been male 

The portal of entry of the fungus is still not 
known More and more the evidence accumulat- 
ing indicates that the mouth is the most frequent 
site of entrance The large number of patients 
w ho have ulcerated lesions of the mouth, pharynx 
and gastrointestinal tract points to this con- 
clusion The many cases m which lesions of the 
nose, pharynx, larynx and lungs are present may 
be assembled as evidence that the respiratoiy 
tract is also a portal of entry Another, and 
smaller, group of cases suggests entrance through 
the skin The fungus is unknown in its vegeta- 
tive form m nature, but the parasitic form has 
been identified in the dog What appears to be 
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the same oiganism has also been found in mice,^® 
lats and feiiets 

Tieatment of histoplasmosis is still in an ex- 
pel imental state Certain antimony prepaiations 
and a new diamidine pieparation (see section on 
tieatment) appeal to hold piomise foi the future 

Diseases i\ Inch must be diffei entiated most fre- 
quentl}^ from histoplasmosis are tubeiculosis, 
Hodgkin’s disease, aleukemic leukemia and 
malignant neoplasms 

Successful antemoitem diagnosis has most 
fiequently been provided by histologic examina- 
tion of biopsy mateiial Blood cultures, cultures 

35 Shortt, H E The Pathogenicity of Insect 
Flagellates to Vertebiates, with Special Reference to 
Herpetomonas Ctenocephali, Fantham, Indian J M 
Research 10 908 (April) 1923 

36 Sangiorgi, G Blastomicosi spontanea nei Mundi, 
Pathologica 14 493 (Aug ) 1922 

37 Levine, N D , Dunlap, G L , and Graham, R 
An Intracellular Parasite Encountered in Ferret, 
Cornell Vet 28 249 (July) 1938 


ot biopsy mateiial and smears oi sci apings fiom 
supei ficial lesions ha\ e been successful in sevei al 
instances Least successful of the laboiatoiy 
methods used, although with a few outstanding 
exceptions, have been the examination ot blood 
smears and that of sternal mairow This state- 
ment should not cause the abandonment ot these 
two methods, as they are simple and nhen suc- 
cessful aie of great value 

Note — S eveial papeis^® hare come to oui 
attention since this leview was submitted for 
publication Each contains the desciiption of a 
case of histoplasmosis which has not been in- 
cluded in the present leview 

38 Boltjes, B Histoplasmosis Repoit ot a Case 
with Brief Review of the Literature, J Kansas M Soc 
44 226 (July) 1943 Moore, M , and Jorstad, L H 
Histoplasmosis and Its Importance to Otorhinolaryn- 
gologists A Review with Report of a New Case, Ann 
Otol, Rhin & Laryng 52 779 (Dec) 1943 Schlum- 
berger, H G, and Seivice, AC A Case of Histo- 
plasmosis m an Infant with Autopsy, Am T M Sc 
207 230 (Feb ) 1944 
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The signs of obstruction of the superior vena 
cava have aroused clinical interest since Stokes ^ 
described the syndrome over a century ago The 
recent reviews of Ehrlich and others,^ Ochsner 
and Dixon ® and Hmshaw and Rutledge * dis- 
cussed in detail the anatomic and clinical mani- 
festations of this disordei A number of authors ® 
have described the findings on angiocardi- 
ography The abnormal physical findings consist 
of striking ^enous engorgement, cyanosis and 
often edema which are limited to the head, neck, 
arms and chest Common complaints are head- 
ache, dizziness, fulness in the head, mental cloud- 
ing and respiratory manifestations such as 
dyspnea, orthopnea and periodic breathing, in 
addition, paroxysmal dyspnea has been described 
b> several authors,*’ and Ferris ’’ reported "brief 

From the Medical Service and the Medical Research 
Laboratories, Beth Israel Hospital, and the Department 
of Medicine, Harvard Medical School 

1 Stokes, W A Treatise on the Diagnosis and 
Treatment of Diseases of the Chest I Diseases of the 
Lung and Windpipe, Dublin, Hodges and Smith, 1837, 
p 231 

2 Ehrlich, W , Ballon, H C, and Graham, E A 
Superior Caval Obstruction with a Consideration of the 
Possible Relief of Symptoms by Mediastinal Decom- 
pression, J Thoracic Surg 3 352, 1934 

3 Ochsner, A , and Dixon, J L Superior Vena 
Caval Obstruction Review of the Literature and Re- 
port of Cases of Traumatic and Infectious Origin, 
J Thoracic Surg 5 641, 1936 

4 Hmshaw, H C, and Rutledge, D I Lesions in 
the Superior Alediastinum Which Interfere with Venous 
Circulation, J Lab & Chn Med 27 908, 1942 

5 (a) Ta}dor, H K , and McGovern, T Evalua- 
tion of Angiocardiography, JAMA 121 1270 (April 
17) 1943 (b) Steinberg, I , and Robb, G P Mediasti- 
nal and Hilar Angiography in Pulmonary Disease A 
Preliminarj Report, Am Rev Tuberc 38 557, 1938 

6 (a) Arrillaga, F C, and Taqmni, A C Fisio- 
patogenia de la cianosis en los tumores del mediastino. 
Arch urug de med , cir y especiahd 5 305, 1934 
(b) Lian, C, and Abaza, A La dissociation de la 
pression veineuse et de la vitesse circulatoire, signe 
caractenstique de I’obstruction de la veine cave su- 
perieure. Bull et mem Soc med d hop de Pans 51 


but severe attacks of hyperpnea” in 1 patient 
The occurrence of respiratory symptoms m pa- 
tients with stasis and with high venous pressuie 
limited to the superior vena cava and its tribu- 
taries and with no congestion of the lungs affords 
an opportunity for study of factors important in 
the genesis of dyspnea and of orthopnea 

MATERIALS AND METHODS 

Five male patients for whom a diagnosis of 
obstruction of the superior vena cava was made 
and who showed dyspnea, orthopnea or periodic 
breathing were studied, the periodic breathing 
was only moderately severe, no periods of apnea ^ 
occurring The patients ranged in age from 20 
to 64 years The diagnoses were as follows 
mediastinal lymphoma (patients 1 and 3), me- 
diastinal Hodgkin’s disease (patient 2), meta- 
static carcinoma (patient 4) and syphilitic 
aneurysm of the aorta (patient 5) Additional 
studies were made of 3 of these patients after 
improvement occurred, 2 (patients 1 and 2) 
were studied when all manifestations of obstruc- 
tion of the superior vena cava had disappeared 
after roentgen irradiation of the chest and the 
third (patient 3) after the symptoms had re- 
gressed spontaneously, only slight changes in the . 
abnormal physical signs having taken place 

Studies of the respiratory dynamics were 
made with a Tissot spirometer or with a Bene- 
dict-Roth apparatus, with the patient sitting in 
bed Venous pressure was measured by the 
method of Moritz and von Tabora,® the arm to 

730, 1935 (c) Erganian, J , and Wade, L J Chronic 

Fibrous Mediastinitis with Obstruction of the Superior 
Vena Cava, J Thoracic Surg 12 275, 1943 

7 Ferris, E B , Jr The Effect of High Intra- 
cranial Venous Pressure upon the Cerebral Circulation 
and Its Relation to Cerebral Symptoms, J Chn In- 
vestigation 18 19, 1939 

8 Montz, F , and von Tabora, D Ueber eine , 
Methode, beim Menschen den Druck in oberflachlichen - 
Venen exakt zu bestimmen, Deutsches Arch f klin 
Med 98 475, 1910 
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tongiie time with sodium deh} drocholate," the 
arm to lung time ith ether and the lung to 
brain time iMth carbon dioxide all of 
these studies were done with the patient recum- 
bent ^leasurements of cardiac output w ere 
made by the method of Starr and Gamble with 
the patient sitting in bed Studies of the blood 
gases were made b} the method of Van Slyke 
and Xeill 

OBSERN ATIOXS 

The respirator}' d}namics were studied in 4 
patients When respirator}* manifestations were 
present the average respirator} rate ranged be- 


tween 19 and 35 with an average for all of 24 
per minute (table 1) After the disappearance 
of respirator} symptoms in 3 patients the rate 
was 14 to 16 per minute The respirator}* 
^ olume per minute w hen first studied ranged be- 
tw een 7 72 and 13 3 liters, w ith an average of 
999 liters After impro\ement had occurred in 
3 patients the % alues w ere 5 86 to 7 2 liters per 
minute The \ olume of tidal air was within the 
normal range, measunng 380 to 450 cc. when 
respirator}* s}mptoms were present and 420 to 
480 cc after improvement had occurred 

The amount of carbon dioxide in the alveolar 
air ranged betw een 4 01 and 5 1 per cent, v ith 


T^le 1 — Studies of Respiratory Dynamics 
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Table 2 — Studies of J’enous Pressure and Circulation Time 
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kliniEchbrauchbare Bestimmungsniethode der Blutum- 
laufszeit mittels Decholinmjektion, iled. Klin 27*986, 
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10 Hitzig, AV Measurement of Circulation 

Time from Antecubital Vems to Pulmonarj Capillaries, 
Proc Soc Exper Biol & Med. 31:935, 1934 

11 Gubner, R., Sebnur, S, and Crawford, J, H 
The Use of CO 2 Inhalation as a Test of Circulation 
Time. J Qin. Ini estigation 18:395, 1939 

12 Starr, I, Jr, and Gamble, J C An Improved 
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13 Van Sljke, D D , and Xeill, J M The De- 
termination of Gases m Blood and Other Solutions by 
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an average of 4 58 per cent when first studied 
and rose to 5 18 to 5 55 per cent after the dis- 
appearance of respirator}* s}mptoms f table 1). 

The ox}^gen saturation of the arterial blood 
was 92 to 94 per cent irrespectn e of the presence 
or absence of respirator}* s}Tnptoms (table 1) 

The ntal capaat} was low* in all 4 patients 
ranging between 900 and 2 500 cc when first 
studied f table 1) After the disappearance of 
respirator}* symptoms the vital capacity v/as un- 
changed in the 1 patient (no 3) in whom im- 
provement was spontaneous and increased 
shghtly in the 2 (nos 1 and 2) m whom im- 
provement followed roentgen irradiation 
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The pressure m the antecubital veins ranged 
from 23 to 27 cc of water when the patients 
showed respiratory symptoms, at this time the 
pressure in the femoral vein was 4 to 8 cm of 
water (table 2) When the respiratory symp- 
toms of 2 patients (nos 1 and 2) disappeared 
after roentgen radiation, the antecubital venous 
pressure fell to normal The patient in whom 
spontaneous regression of hyperventilation and 
periodic breathing occurred showed a fall in ante- 
cubital venous pressure of only 7 to 22 cm of 
water 

The circulation time between aim and tongue 
was prolonged, measuring twenty-five to thirty- 
five seconds when the patients had respiratory 
symptoms , the femoral to tongue time was nor- 
mal (table 2) The arm to tongue time fell to 
the normal value of seventeen seconds in the 2 
patients (nos 1 and 2) who improved aftei 
roentgen irradiation and showed no significant 


Table 3 — Studies of Caidiac Output and Blood Gases 





Arteriovenous 



Cardiac 

Oxygen 



Output 

DifEercnce, 


r 



^ 

Vol 

per Cent 




E/lOO Co 

f 

, 


Patient 

Ir/Min 

Os 

Ann 

Lee 

Oomments 

1 

384 

1 75 

98 

50 

Orthopnea 


2 91 

172 

4C 


No orthopnea 

2 



85 


Periodic breathing 






? orthopnea 




5C 


No periodic breathing 






of orthopnea 

S 

4 70 

157 

10 4 

86 

Penodio breathing 




09 


No periodic breathing 


change in the patient (no 3) who improved 
spontaneously A single measurement of arm 
to lung time was abnormally prolonged when 
the arm to tongue time was slowed The lung 
to brain time was not abnormal at any time 
The cardiac output of 2 patients (nos 1 and 
3) was normal wdien respiratory symptoms were 
present, and that of 1 of them was normal after 
these symptoms had disappeared (table 3) 
The local arteriovenous oxygen differences 
were calculated from measurements made on 
blood taken from the femoral artery and from 
the femoral and antecubital veins (table 3) 
When respiratory symptoms were present, the 
arteriovenous difference was increased m the 
upper extremities and was normal in the lower 
There was a decrease in arteriovenous oxygen 
difference in the arms of all 3 patients studied 
after regression of respiratory symptoms 

COMMENT 

A number of authors have studied venous 
piessure in patients with obstruction of the 
superior vena cava, and all are agreed that the 
pressure in the tributaries of the superioi cava 


IS elevated,^* while that in the veins draining into 
the inferioi cava is normal The results of the 
present study corroborate these earlier observa- 
tions BurwelP^"’ found, in addition, that the 
pressure in the collateral veins over the chest is 
intermediate betw^een that m the upper and that 
m the lower extremities Only a few reports 
on the circulation time m this syndrome are 
available In most of the cases studied slowing 
of the arm to tongue time was noted,^® although 
Hitzig found it normal or only slightly slowed 
The contention of Lian and Abaza that the 
arm to tongue circulation time is always normal 
and that this "dissociation” between a high 
venous pressure and a normal circulation time 
is diagnostic of obstruction of the superior vena 

14 (a) Ehrlich, Ballon, and Graham 2 (fc) Ochsner 

and Dixon 2 (c) Hinshaw and Rutledge^ (d) Lian 

and Abaza Ob (e) Erganian and Wade 00 (f) Ferns’^ 

(ff) Burger Ueber die klinische Bedeutung des Valsal- 
vaschen Versuches, Munchen med Wchnschr 68 1066, 
1921 (It) Kroetz, C Die Koeffizienten des khnisch 
messbaren Venendruckes, Deutsches Arch f khn Med 
139 325, 1922 ( 1 ) Villaret, M, and Martiny, M 

fetude de la pression veineuse periphenque dans les 
syndromes mediastinauv Son interet de controle pour 
le diagnostic et le prognostic, Presse med 37 249, 1929 
(;) Villaret, M, and Desoille, H Exemples cliniques 
montrant I’lnteret general de la phlebopiezometrie au 
point de vue du diagnostic, du prognostic et de la 
therapeutique, ibid 40 1477, 1932 (k) Hitzig, W H 

The Use of Ether in Measuring the Circulation Time 
from the Antecubital Veins to the Pulmonary Capil- 
laries, Am Heart J 10 1080, 1935 (1) Ferns, E B , 

Tr, and Wilkins, R W The Clinical Value of Com- 
parative Measurements of the Pressure in tlie Femoral 
and Cubital Veins, ibid 13 431, 1937 (in) Burwell, 
C S A Comparison of the Pressures in Arm Veins 
and Femoral Veins with Special Reference to Oranges 
During Pregnancy, Ann Int Med 11 1305, 1938 
(n) Hussey, H H The Effect of Mediastinal Lesions 
on Pressures in tlie Antecubital and Femoral Veins, 
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the Superior Vena Cava, Proc Staff Meet, Mayo Clin 
14 337, 1939 (p) Veal, J R , and Hussey, H H 
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Heart J 20 308, 1940 (g) Gray, H K , and Skinner, 

I C Constrictive Occlusion of the Superior Vena 
Cava, Surg , Gynec & Obst 72 923, 1941 (r) Eyster, 

J A E, and Middleton, W S Qinical Studies on 
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( j) Porot, M A Les fortes hypertensions cephalorachi- 
diennes d’ongine veineuse. Rev neurol 1 1173, 1930 
(0 Smirk, F H Observations on the Causes of 
Oedema m Congestive Heart Failure, Clin Sc 2 317, 
1936 (u) Wartman, W B A Study of the Venous 

Pressure in Some Common Diseases, Am J M Sc 
190 464, 1935 

15 Ochsner and Dixon ® Hinshaw and Rutledge ^ 
Erganian and Wade ec Ferns Villaret and Martiny 
Ferns and Wilkins Burwell Hussey ““ Rut- 
ledge and Gray 1^0 Veal and Hussey Gray and 
Skinner Eyster and Middleton 

16 Ehrlich, Ballon, and Graham 2 Rutledge and 
Gray 1^0 Gray and Skinner 



ALTSCHULE BT AL— OBSTRUCTION OF SUPERIOR VENA CAVA 


27 


cava IS not supported by the findings of the afore- 
mentioned authors or by those of the present 
study The additional studies made here of arm 
to lung, femoral vein to lung and lung to brain 
times show that the slowing is on the venous side 
of the ciiculation in the uppei part of the body, 
Hitzig also found some slowing on the venous 
side m his patients 

The significance of the slowed venous ciicula- 
tion time may be diiferent under various circum- 
stances Since the arm to tongue and arm to 
lung time repi esent time elapsed during the pass- 
age of blood fioni a vein to the end organ, it 
cannot be determined from this measurement 
whether the blood is flowing slowly or is taking 
a long and circuitous path through the inferior 
cava or both In this connection it is of interest 
that patient 3 of the present study showed a 
slight fall in venous pressure and a return of the 
arteriovenous oxygen difference to normal, with 
no change m circulation time It is considered, 
therefore, that the first measurements made on 
this patient are a reflection of stasis, while the 
results of the later studies suggest that enough 
collateral circulation developed to overcome the 
stasis, the piolonged circulation time on this 
occasion being an indication of the length of the 
pathway back to the heart It should be borne 
in mind also that elevation of the venous pressure 
consequent to obstruction does not necessarily 
indicate slowing of flow in the obstructed vein oi 
in the capillaries draining into it Stewart 
has shown that such obstruction may cause the 
flow of blood to decrease initially, with a return 
to normal when enough pressure has been built 
up in the veins 

In all 3 of the patients described by Arrillaga 
and Taquini,®'" in 1 (no 1) of the 5 described 
by Ferris ’’ and in all 3 studied here while mani- 
festing respiratory symptoms, studies of the 
arteriovenous oxygen difference indicate stasis 
in the tissues drained by the superioi cava On 
the other hand, in 4 (nos 2, 3, 4 and 5) of 
Ferris’ patients with no respiratory symptoms 
and in 1 (patient 3) studied heie after spon- 
taneous improvement of symptoms, the observa- 
tions show that no stasis in the tissues existed, 
apparently because an adequate venous collateral 
circulation had developed The development of 
this collateral circulation, with a resultant late 
fall in venous pressure toward normal some 
time after ligation of the supeiioi vena cava, has 
been studied in the dog by Carlson 

17 Stewart, G N Studies on the Circulation in 
Man I Measurement of the Bloodflow in the Hands, 
Heart 3 33, 1911 , The Effect of Bandaging of the Legs 
on the Rate of Blood Flow in the Feet, Arch Int Med 
19 335 (March) 1917 

18 Carlson, H A Obstruction of the Superior 
Vena Cava, Arch Surg 29 669 (Oct ) 1934 


The data of the present study and of the 
earlier work reviewed provide the basis for 
an understanding of the mechanism of the 
signs and symptoms occurring m patients with 
obstiuction of the superior vena cava The 
cyanosis in all patients with the syndrome is 
consequent to increased prominence of the 
cutaneous veins and m many is accentuated by 
abnormally great deoxygenation of capillary 
blood due to stasis, arterial unsaturation caused 
by obstiuction to bieathmg is not a factor m the 
uncomplicated case, as was pointed out by 
Airillaga and Taquini The edema of the 
upper pait of the body is at least in part the 
lesult of high venous pressures The role of 
high filtration pressures m the genesis of edema 
has been studied by Landis and others 
Neveitheless the fact that in spite of high venous 
piessures the edema may be intermittent or 
completely absent suggests that anoxia due to 
stasis may also be a factor 

The lespiratoiy manifestations of obstruction 
of the superior cava seen m the patients studied 
here consisted of periodic bieathmg, constant 
hyperventilation, dyspnea at rest and on exertion 
and orthopnea The observation of periodic 
breathing is not surprising Its occuirence in 
patients with increased spinal fluid piessure is 
well known, and it has been produced in animals 
by raising the mti acranial pressure Increases 
in the latter alwa 3 ''s result when the venous pres- 
suie m the head is high Burger and Porot 
found the spinal fluid pressure increased in a pa- 
tient with obstruction of the superior vena cava, 
and Ferris ^ later made the same observation m 
his 5 patients, these earlier findings are corrob- 
orated in the present study (table 2) However, 
only 1 of Ferris’ patients had “periods of 

19 Goldschmidt, S , and Light, A B Cyanosis, 
Unrelated to Oxygen Unsaturation, Produced by In- 
creased Peripheral Venous Pressure, Am J Physiol 
73 173, 1925 

20 Krogh, A , Landis, E M , and Turner, A H 
The Movement of Fluid Through the Human Capillary 
Wall in Relation to Venous Pressure and to the Colloid 
Osmotic Pressure of the Blood, J Clin Investigation 
11 63, 1932 Landis, E M , Jonas, L , Angevine, M, 
and Erb, W The Passage of Fluid and Protein 
Through the Human Capillary Wall During Venous 
Congestion, ibid 11 717, 1932 Landis, E M, and 
Gibbon, J H The Effects of 'Temperature and of 
Tissue Pressure on the Movement of Fluid Through 
the Human Capillary Wall, ibid 12 105, 1933 

21 Mende Ueber Hyperamie und Oedem bei der 
Hemmung des Ruckflusses des venosen Blutes durch die 
Staubinde, Deutsche Ztschr f Chir 150 379, 1919 
Drury, A N , and Jones, N W Observations upon 
the Rate at Which Oedema Forms When the Veins 
of the Human Limb Are Congested, Heart 14-55, 1927 

21a Hinshaw and Rutledge^ Smirk 

22 Greeley, C E , and Greeley, P O Circulatory 
Changes During Periodic Ventilation with Apnea Pro- 
duced by Marked Curtailment of Blood Flow to the 
Brain, Am J Physiol 95*263, 1930 
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hyperpnea ” As was pointed out by Anillaga 
and Taqumi,®“ patients with obstiuction of the 
superior vena ca^a show lowering of the level of 
carbon dioxide in the ai terial blood , the observa- 
tions made here on the amount of carbon dioxide 
m the alveolai air are in accoid with their find- 
ings The importance of lowered levels of car- 
bon dioxide in the arterial blood m the genesis 
of periodic breathing is generally accepted 
Anoxia of the respnatory centei must exist in 
many patients with obstruction of the superioi 
vena cava, but the role of such anoxia m the 
causation of pci iodic breathing is not estab- 
lished No attempt will be made to explain 
the occuirence of paroxysmal dyspnea in this 
syndrome, since it is not cleai from the published 
repoits whether the phenomena observed weie 
true paroxysmal d 3 ''spnea or merely a manifesta- 
tion of periodic breathing 

The possible relation of impaired flow through 
the respiratory center to hyperventilation, 
dyspnea and orthopnea in caidiac decompensa- 
tion has been the subject of much contiovers)% in 
spite of the demonstration that in animals slow 
flow through the brain causes hyperventila- 
tion , in addition Calhoun and others ob- 
served increased respiratory activity after jugulai 
obstruction m human beings Accordingly, 
the occurrence of these symptoms in per- 
sons in whom theie is stasis in the brain 
and not in the lungs is of great impoitance In 
the work of Arnllaga and Taquini,®'‘ as well as 
in the present study, there is a striking correla- 
tion between the occurrence of hyperventilation, 
dyspnea and orthopnea and changes m the gases 
of the blood which aie indicatn^e of stasis in the 
upper part of the body This finding is m hai- 
mony with the data of Ferns,’*’ who noted no 

23 (a) Pembrc)', M S , and Allen, R W Obser- 

vations upon Cheyne-Stokes Respiration J Piiysiol 
32 xviii, 1905 (b) Douglas, C G , and Haldane, J S 

The Causes of Periodic or Cheyne-Stokes Breathing, 
ibid 38 401, 1909 (c) Anthony, A J , Cohn, A E, 

and Steele, J M Studies on Cheyne-Stokes Respira- 
tion, J Clin Investigation 11 1321, 1932 (rf) Harrison, 
T R , King, C E , Calhoun, j A , and Harrison, 
W G, Jr Congestive Heart Failure XX Cheyne- 
Stokes Respiration as the Cause of Paroxysmal Dyspnea 
at the Onset of Sleep, Arch Int Med 53 891 (June) 
1934 

24 Arnllaga and Taquini O'* Lian and Abaza o** 
Erganian and Wade o** Ferns 

25 (d) Greeley and Greeley Gesell, R The Chemi- 

cal Regulation of Respiration, Physiol Rev 5 SSI, 1925 
Schmidt, C F The Influence of Cerebral Blood-Flow 
on Respiration I The Respiratory Responses to 
Changes in Cerebral Blood-Flow, Am J Physiol 84 
202, 1928 (&) Calhoun, J A , Cullen, G E , Harrison, 

T R., Wilkins, W L, and Tims, M M Studies in 
Congestive Heart Failure XIV Orthopnea Its Rela- 
tion to Ventilation, Vital Capacity, Oxygen Saturation 
and Acid-Base Condition of Arterial and Jugular Blood, 

J Qin Investigation 10 833, 1931 


such lespiratory abnoimahties and no evidence of 
cerebial stasis in most of his patients with ob- 
struction of the superior vena cava The rela- 
tionship between stasis m the tissues and hyper- 
ventilation IS especially well illustrated by patient 
3 of the present stud)'' The disappearance of 
symptoms m this patient was paralleled by the 
disappearance of evidences of tissue stasis appar- 
ently as a consequence of the development of col- 
lateral circulation, while the venous pressure and 
the circulation time showed no striking change 
It might be objected that in the patients of the 
piesent series lespiratory symptoms may have 
developed because of the piesence of masses of 
appreciable si7e within the thorax, as evidenced 
by roentgenographic findings and by low vital 
capacities Howevei, the latter showed little or 
no change when hyperventilation disappeared 
Moreover, in many of the reported cases with 
respiratory manifestations the cause of the ob- 
struction of the superior vena cava was either 
thrombosis or pressure by a mass far too small to 
interfere with pulmonary function 

Another possible objection to the acceptance of 
slow flow through the brain as a cause for the 
dyspnea and hyperventilation studied here may 
be found in the repoits that distention of the 
great veins may cause reflex hyperventilation 
However, the work on which the latter con- 
clusion IS based is not entirely acceptable in that 
conclusive proof is lacking that slowing of flow 
through the brain did not occur in those experi- 
ments Moreover, m some of the leported cases 
in which dyspnea and orthopnea occurred, for in- 
stance, case 1 of Ochsner and Dixon,® distention 
of the superior cava could not have occurred be- 
cause the vein was thrombosed in its entire 
length It IS therefore concluded that the weight 
of evidence favors the opinion expressed by 
Arnllaga and Taqumi that a cause of hyper- 
ventilation and dyspnea in the syndrome of ob- 
struction of the superior vena cava is slowed flow 
leading to tissue stasis in the lespiratory center 
Since the stasis is aggravated by recumbency, 
01 thopnea is readily understandable In the case 
of those patients in whom dyspnea is present 
only on exertion, it is likely that the general rise 
m venous pressure accompanying exercise de- 

26 Ehrlich, Ballon, and Graham ^ Ochsner and 
Dixon 3 Hinshaw and Rutledge ^ Ergaman and Wade 
Rutledge and Gray Gray and Skinner 

27 Harrison, T R , Harrison W G, Jr , Calhoun, 

J A, and Marsh, J P Congestive Heart Failure 
XVII The Mechanism of Dyspnea on Exertion, Arch 
Int Med 50 690 (Nov ) 1932 Harrison, T R , 
Harrison W G Jr and Marsh J P Reflex Stimu- 
lation of Respiration from Increase in Venous Pressure, 
Am J Physiol 100 417, 1932 Megibow, R S , Katz 
L N , and Feinstein, M Kinetics of Respiration in 
Experimental Pulmonarv Embolism, Arch Int Med 
71 S36 (April) 1943 
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Cl eases the diffeiential between the high pressuie 
above the obstruction and the lower pressure be- 
low It necessary for the maintenance of flow 
thiough the collateral vessels, thereby aggravating 
the stasis in the brain A corollaiy to the fore- 
going conclusion is that cei ebral stasis is a cause 
of hyperventilation and dyspnea in caidiac de- 
compensation, it IS considered that the concept 
that increased venous pressuie favors orthopnea 
IS supported by the results of the present study 
It IS not to be concluded, however, that con- 
gestion of the lungs may be minimized as a fac- 
toi m the symptoms of cardiac decompensation, 
the role of the pulmonary changes in congestive 
failure m the causation of hyperventilation and 
dyspnea and of orthopnea has been discussed 
at length elsewhere 

It has been shown that oi thopnea in patients 
with caidiac disease is aggravated by a high 

28 Ernstene, A C , and Blumgart, H L Orthopnea 
Its Relation to Increased Venous Pressure of Myo- 
cardial Failure, Arch Int Med 45 593 (April) 1930 

29 Altschule, M D The Pathological Physiology 
of Chronic Cardiac Decompensation, Medicine 17 75, 
1938 

30 Altschule, M D , Zamcheck, N , and Iglauer, A 
The Lung Volume and Its Subdivisions in the Upright 
and Recumbent Positions in Patients with Congestive 
Failure Pulmonary Factors in the Genesis of Or- 
thopnea, J Clin Investigation 22 805, 1943 

31 Harrison, W G, Jr The Cisternal Pressure in 
Congestive Heart Failure and Its Bearing on Orthopnea, 
J Clin Investigation 12 1075, 1933 , Cerebrospinal Fluid 
Pressure and Venous Pressure in Cardiac Failure and 
the Effect of Spinal Drainage in the Treatment of 
Cardiac Decompensation, Arch Int Med 53 782 (May) 

1934 Robertson, H F , and Fetter, F The Effects 
of Venesection on Arterial, Spinal Fluid and Venous 
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spinal fluid pressure, and accordingly the ques- 
tion aiises as to whether high intracranial pres- 
sure might not be the cause of the orthopnea 
occurring with obstruction of the superior vena 
cava However, the aforementioned parallelism 
between the presence of orthopnea and the evi- 
dences of stasis and the lack of close correlation 
between the occurrence of that symptom and high 
spinal fluid pressures suggest that at most intia- 
cranial pressure exeits only a contributory in- 
fluence In addition, it has been shown that 
elevation of the intracranial pressure may by 
itself slow the flow of blood through the brain 

SUMMARY AND CONCLUSIONS 

A study of the respiratory and cardiovascular 
dynamics in 5 patients with obstruction of the 
superior vena cava revealed that hyperventila- 
tion, with a consequent fall m alveolar carbon 
dioxide, often occurs m this syndrome Stasis 
may be present m the brain of a patient with ob- 
struction of the superior vena cava High venous 
pressure and slowed circulation time do not 
necessarily indicate the presence of stasis 
Studies of the blood gases are more helpful m 
this regard 

It is concluded that the occurrence of hyper- 
ventilation, dyspnea, oi thopnea or periodic 
bxeathing m a patient with obstruction of the 
superior vena cava is associated with tissue stasis 
in the brain 

330 Brookline Avenue 
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PRIMARY ATYPICAL PNEUMONIA OF UNKNOWN CAUSE, WITH 
UNUSUAL MANIFESTATIONS AND COMPLICATIONS 

MAJOR ROBERT E GLENDY, CAPTAIN SAMUEL B BEASER 
AND CAPTAIN WALTER D HANKINS 

MEDICAL CORPS, ARMY OE THE UNITED STATES 


. The growing volume of reports ^ concerning 
' primary atypical pneumonia attests to the interest 

in tins condition It is not a contagious disease, 
but it does occur in epidemic form, which may 
account for the actual increase m the number of 
cases Furthermore, the attention which has 
' been focused on the disease has revealed cases 
that otherwise might have been overlooked It 
IS noteworthy that the 150 cases of pneumonia - 
which form the basis of this report were derived 
from a total of 180 cases of pneumonia of all 
types encountered at an army station hospital 
from Sept 1, 1942 to June 1, 1943 In view of 
' our clinical experience, five sixths seems to be 
a high proportion of unclassifiable pneumonia, 
ivhich may in part be due to the younger age 
group of the patients 

Among these 150 cases certain unusual mani- 
festations appeared, as follows menmgismus in 
3 cases, pleural effusion in 4, marked leukopenia 
m 1, spontaneous pneumothorax and simulating 
tuberculosis in 1, pulmonary abscess in 4 and 
late secondary infection in 2 

CASES WITH MENINGITISr- 

Case 1 — History — A white man aged 24 was ad- 
mitted to the hospital on Nov 29, 1942 and discharged 
on Dec 19 His past history was irrelevant The 
present illness began three days before he entered the 
hospital, with abrupt onset of shaking chills, weakness, 
pains in the muscles of the legs, back and ankles and 

1 Reimann, H A , Havens, W P , and Price, A 
H Etiology of Atypical (“Virus”) Pneumonia with 
a Brief Resume of Recent Discoveries, Arch Int Med 
70 513 (Oct) 1942 Dingle, J H , Abernethy, T J , 
Badger, G F , Buddingh, G J , Feller, A E , Lang- 
muir, A D , Ruegsegger, J M , and Wood, W B , Jr 
Primary Atypical Pneumonia, Etiology Unknown, War 
Med 3 223 (March) 1943 Campbell, T A , Strong, 
P S , Grier, G S , III, and Lutz, R J Primary 
Atypical Pneumonia A Report of Two Hundred Cases 
at Fort Eustis, Virginia, JAMA 122 723 (July 10) 
1943 

2 The diagnosis of primary atypical pneumonia was 
applied in cases in which there was definite pulmonary 
involvement on roentgenography, frequently with severe 

; headache and leukocytosis with a white cell count not 
I exceeding 15,000, and m which pneumococcic and other 
I types of pneumonia were excluded by laboratory data 
I or the clinical course 
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cough productive of green sputum Severe pounding 
frontal headache began four hours before his admission 
and nausea the night before 

Physical Examination — The patient Avas acutely ill, ! 
with his skin flushed and his lips cyanotic He had no j 
cutaneous lesions There was moderate stiffness of the 
neck He kept his eyes partly closed, although he said 
he did not suffer from photophobia A slight nasal dis- 
charge and conjunctival injection were noted The chest 
was clear There was no cardiovascular disease The 
Kcrnig sign was slightly positive 

Laboratory Eraminations — At a lumbar puncture 
made on November 29, the fluid flowed more freely 
than normally It contained 1 lymphocyte per high 
power field, the globulin was not increased, the total 
protein content was 25 6 mg per hundred cubic centi- I 
meters and the sugar content 80 mg , the Wassermann 
reaction was negative and the colloidal gold curve 
0000000000, culture gave negative results On Decem- 
ber 2 there were 6 lymphocytes per high power field, 
the globulin was not increased, the sugar content was 
74 mg per hundred cubic centimeters, and there was 
no growtli on culture On December 6 the fluid con- 
tained 3 lymphocjtes per high power field, the sugar 
content was 70 mg per hundred cubic centimeters, the 
globulin w'as not increased, and culture gave negative 
results Blood counts were as follows November 30, 

85 per cent hemoglobin, 4,400,000 erythrocytes and 
13,750 leukocytes, with 65 per cent polymorphonuclear 
cells, 30 per cent lymphocytes and 5 per cent eosino- 
phils, December 2, 9,000 leukocytes, with 73 per cent 
polymorphonuclear cells, 26 per cent lymphocytes and 
1 per cent eosinophils On December 3 the sputum 
showed occasional pneumococci Culture and the Kahn 
test of the blood gave negative results Culture of mate- 
rial from the throat showed no meningococci 

Roentgenograms of Chest —On November 29, a tri- 
angular area of infiltration was seen in the upper lobe 
of the left lung Five days later this area was still 
present and in addition a small area was present in 
the upper lobe of the right lung Twelve days after the 
second examination the chest was almost entirely clear 

Course — The temperature on the patient’s admission 
was 104 F , it rose to 105 F the same day and then 
came down, by lysis, to normal by the sixth day There 
was a slight rise to 99 6 F on the thirteenth, fourteenth 
and fifteenth days of the illness, coinciding with sore 
throat Culture of material from the throat at that time 
showed hemolytic streptococci, and the white blood cell 
count was 12,000 The pulse rate Avas 100 to 110 and 
then dropped to normal Avitli the temperature The 
respiratory rate was 25 to 30 for three days and then 
became normal The patient Avas lethargic on admission 
and hazy mentally This condition, together with the 
headache, completely disappeared in about a Aveek His 
cough became much more productive, and rales devel- 
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oped at the bases of both lungs and over the left upper 
quadrant of the chest On the fourth day the chest was 
clear on physical examination The stiffness of the neck 
was gone in a week The patient’s feeling of well-being 
returned, together with his appetite, on about the sixtli 
day in the hospital, this improvement coinciding with 
a drop of temperature to normal He received sulfa- 
diazine, 7 Gm the first day, 6 Gm a day on tlie second, 
third, fourth, fifth and sixth days and 4 Gm on the 
seventh, eighth and ninth days 

This case illustrates, additionally, the complete 
ineffectiveness of sulfadiazine therapy in primary 
atypical pneumonia and infection of the throat 
by secondary invaders late in the disease 

Case 2 — A white man aged 26 was admitted to the 
hospital on Nov 15, 1942 and discharged December 11 

Hutory — ^The past history was irrelevant His present 
illness began two days before his admission, with sudden 
onset of severe postorbital pounding headache, cough, 
shaking chills and perspiration His throat was slightly 
sore He had anorexia, and Ins “stomach felt weak” 
There were cramps in the calves of tlie legs and once, 
on the day of the patient’s admission, in the right thigh 

General Examination — The patient was mentally con- 
fused, repeating words and phrases both of the questions 
and of his answers He was slightly disoriented and 
complained of vertigo There was no stiffness of the 
neck Definite photophobia was noted, and the conjunc- 
tivas and scleras were injected The blood pressure was 
115 systolic and 80 diastolic Botli calves were tender, 
and the feet were held in the extended position and 
resisted flexion, which, however, could be accomplished 
with effort The reflexes were hyperactive The right 
knee jerk was greater than the left, tlie Oppenheim 
sign was present on the left side, and the Kernig sign 
was also elicited 

Labotatoiy Examination — Lumbar puncture was done 
on November 16 The spinal fluid obtained contained 
6 lymphocytes per high power field, the globulin was 
not increased, the total protein content was 42 mg 
per hundred cubic centimeters, the colloidal gold curve 
was 1111100000, the Wassermann reaction was negative 
On November 23 a second lumbar puncture was done 
The fluid then contained 33 lymphocytes per high power 
field, the sugar content was 63 mg per hundred cubic 
centimeters , the globulin was increased, and culture 
gave negative results On November 16 the sputum was 
found to contain a few pneumococci, not typable Blood 
counts were as follows November 16, 12,000 leukocytes, 
with 72 per cent polymorphonuclear cells, 26 per cent 
lymphocytes and 2 per cent monocytes, November 23, 
9,650 leukocytes, with 69 per cent polymorphonuclear 
cells, 23 per cent lymphocytes, 2 per cent monocytes 
and 6 per cent eosinophils, November 25, 85 per cent 
hemoglobin, 4,800,000 erythrocytes and 14,400 leukocytes, 
with 75 per cent polymorphonuclear cells, 24 per cent 
lymphocytes and 1 per cent eosinophils, November 30, 
14,000 leukocytes, December 2, 8,800 leukocytes, with 
72 per cent polymorphonuclear cells, 23 per cent lympho- 
cytes, 1 per cent monocytes and 4 per cent eosinophils 
The Kahn reaction of the blood was negative 

Roentgenograms of Chest — On November 16 there 
was a triangular area of infiltration in the mesial por- 
tion of the base of the right lung Eleven days later 
the infiltration was more extensive It cleared m about 
ten more days 

Course — ^The temperature on the patient’s admission 
was 105 F , It came down to normal in three days, 
then rose to 104 F on the fifth day and followed a 


lemittent course from normal up to 101 or 102 F 
through the eleventh day It became normal on the 
twelftli day The pulse rate was 120 the first day and 
came down to normal along with the temperature The 
respiratory rate was normal throughout 

On the third day, the patient had diminished breath 
sounds at the base of the right lung and was still con- 
fused mentally During the night he had restless sleep 
with a short period of hallucinations On the fifth day, 
with rise of temperature, mental confusion increased 
and there was slight stiffness of the neck, with head- 
ache, vertigo and photophobia persistent On the eighth 
day, the neck was still slightly stiff, there were slight 
headache and a little drowsiness but no photophobia 
On the ninth day, after a lumbar puncture the previous 
day, all symptoms improved On the tenth day, the 
patient suffered from slight headache and vertigo only 
when sitting up, there was no photophobia On the 
twelfth day — the cough had been increasing all week — 
vesicular breath sounds and rales were present at the 
base of the right lung Since the ear drums were 
red, administration of sulfadiazine was started On the 
seventeenth day, the patient’s mental condition was 
lapidly improving, and his family said that he seemed 
completely normal mentally again 

This case is of particular interest because of 
the presence of leukocytes in the spinal fluid 
Additionally, it illustrates secondary infection of 
the middle ear late in the disease 

THREE CASES WITH PLEURAL EFFUSION 

These cases are of interest mainly from the 
roentgenologic point of view, but clinically it 
was noted that they were usually the cases of 
severe symptoms with a good deal of prostration, 
a high, remittent type of fever and a strong 
tendency to relapse, especially if the patient was 
allowed to get out of bed before the fluid had 
been completely resorbed 

Case 3 — A white man aged 27 was admitted to the 
hospital on Dec 4, 1942 and discharged on Feb 9, 1943 

History — The patient had had pneumonia four years 
previously, m the right lung For one week the patient 
had had a “head cold,” and for twenty-four hours 
before admission he had suffered from cough, severe 
headache and generalized malaise Just prior to ad- 
mission he had a shaking chill and sharp pain in the 
lower part of the chest on the right side 

Physical Examination — The patient was prostrated 
He had a nasal discharge and suppression of breath 
sounds at the base of the right lung 

Laboratory Examinations — Culture of the sputum on 
December 5 revealed no pneumococci On January 3 
there was an abundant growth of hemolytic staphylo- 
cocci, on January 18, of Staphylococcus aureus Leuko- 
cyte counts were as follows December 5, 8,500, 
December 12, 9,300, December 19, 15,500, December 
26, 13,400, with 72 per cent polymorphonuclear cells, 
January 14, 16,050, with 81 per cent polymorphonuclear 
cells, January 22, 11,000, January 27, 8,550 The urine 
and the Kahn reaction of the blood were normal An 
electrocardiogram made on December 29 showed sinus 
tachycardia 

Roentgenogiams of the Chest— On December 5 a hazy 
area at the base of the right lung was seen, which was 
consistent with atypical pneumonia, six days later the 
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infiltration was denser and more extensive, one month 
later (fig 1) tlie infiltration was still present and there 
was a small amount of fluid The chest finally became 
normal nine weeks from the onset 

Course — ^The patient’s temperature on admission was 
100 F It fluctuated between normal and 103 F for the 
first fifteen days, stayed around 99 F until the twenty- 
second day, again fluctuated up to 103 F until the 
thirty-third day and then dropped to normal and re- 
mained so 





Fig 1 (case 3) — Fluid at the base of the right lung 
still present one month after the onset of pneumonia 

Case 4 — A white man aged 30 was admitted to the 
hospital on March 14, 1943 and discharged on April 3 

History — The past history was irrelevant He had 
had a dry cough for four days and for one day had 
suffered from acute malaise, a temperature of 104 F 
and increased cough He was given 5 Gm of sulfa- 
thiazole the day before admission 

Physical Examination — The right sclera was injected 
The pharynx ivas red, and there was a slight nasal 
exudate The lungs showed dulness, bronchial breath 
sounds and rare post-tussive rales at the base of the 
left lung 

Laboratory Examinations — ^The sputum showed un- 
typable pneumococci Blood counts were as follows 
March 15, white blood cells 15,000 and polymorpho- 
nuclear cells 73 per cent, March 22, white blood cells 
15,850 and polymorphonuclear cells 88 per cent, March 
26, white blood cells 8,700 The urine was normal, and 
the Kahn reaction of the blood was negative Roent- 
genograms of the chest on March 15 showed infiltration 
at the base of the left lung consistent with atypical 
pneumonia Five days later there was infiltration on 
both sides with a small amount of fluid at the base 
of the left lung In eleven more days the chest was 
normal 

Course — ^The patient’s temperature on admission was 
102 F , and it dropped to normal the next day It then 
rose daily from normal to 101 F for seven days until 
March 20, when it rose to 103 to 105 F for forty-eight 
hours This last rise in temperature coincided with the 
appearance of pains in the joints and a generalized 
morbilliform eruption consistent with a drug eruption 
Administration of sulfathiazole, which had been given 


m a dose of 6 Gm daily since the patient’s admission, 
was discontinued, and tlie fever, rash and arthralgia 
disappeared in two days The physical signs became 
more pronounced during the first seven days, but by 
the eleventh day there remained only dulness and dimin- 
ished bronchovesicular breath sounds at the base of the 
left lung At that time the cough was minimal, and it 
disappeared shortly thereafter 

Case 5 —A white man aged 22 was admitted to the 
hospital Nov 12, 1942 and discharged Jan 27, 1943 

History — His past history was irrelevant About two 
days before admission he noted chilliness, slight sore 
throat, frontal headache and a mild, nonproductive 
cough The dizziness diminished, but the other symp- 
toms progressed 

Physical Examination— The patient was acutely ill 
He was chilly and felt dizzy when upright His lips 
were dry, his tongue was coated, and crusting was 
present around the nares Left external strabismus 
was present There was no nystagmus or stiffness of 
the neck The blood pressure was 95 systolic and 65 
diastolic 

Laboratory Examinations — Lumbar puncture was 
done on November 14 The globulin was not increased, 
the fluid contained 5 lymphocytes per cubic millimeter, 
the colloidal gold curve was 1111000000, the Wasser- 
mann reaction was negative, and the protein content 
was 34 mg per hundred cubic centimeters Culture of 
material from the left ear on Jan 18, 1943 yielded 
Staph albus Blood counts are shown in tlie table 

Roentgenogi ams of the Chest — On November 13 a 
hazy infiltration consistent with atypical pneumonia and 
accumulation of the fluid was seen at the base of the 
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Fig 2 (case S) — Fluid at the base of the right lung 
lime days after the onset of the illness 
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right lung This increased in extent for one week 
(fig 2) but began to clear two weeks after the onset 
At tlie end of three weeks a small amount of fluid was 
present at the base of the right lung, but this was gone 
one week later The entire chest was not clear until 
nine weeks after tlie onset 
Course — The patient’s temperature was normal on his 
admission but rose to 105 F the next day Thereafter 
there was a remittent fever with temperature from 
100 to 105 F until November 21, when the temperature 
dropped to normal It stayed normal until December 10 
During that period the following events occurred On 
November 14 the vertigo had disappeared, the cough 
had increased and rales appeared at the base of the 
right lung On that day the patient had a short period 
of stiffness of the neck with questionably positive 
Kemig and Brudzinski signs A lumbar puncture was 
done , the pressure was 160 mm and the fluid was clear 
He complained of pleuritic pain in the right side of the 
chest and had diminished bronchovesicular breathing 
sounds at the base of the right lung and in the right 
anterior portion of the chest with rales in the latter 
area On November 18, he had rales to the level of the 
sixth thoracic vertebra posteriorly on both sides, with 
bronchovesicular sounds over the same areas The 
toxicity decreased, and he was mentally clearer On 
November 24, the cough continued, and pleuritic pain 
returned, with a definite leathery rub in the lower part 
of the right axilla On November 29, the rub was gone 
but pleuritic pain was still present On December 10, 
the temperature rose to 101 F It then had a remittent 
course from 99 to 104 F through December 16, when 
It dropped by lysis, reaching a normal level by Decem- 
ber 18 On December 10 the patient complained of pain 
m the right shoulder During tlie next five days rales 
appeared in the right infraclavicular region, with bron- 
chovesicular breath sounds and sibih, but these signs sub- 
sequently disappeared On Jan 9, 1943, his temperature 
suddenly rose to 103 F for one day On January 10, 
he complained of nasal discharge and sore throat 
Physical examination showed follicular patches in the 
throat During the next three days he complained of 
pain in both ears, and the left showed bullous inflam- 
mation of the tympanic membrane, which was incised 
with drainage of pus Sulfathiazole was given from 
January 13 through January 22, during which time the 
discharge from the ear subsided 

This case illustrates an unusual complication 
of the hemopoietic system as well as pleural 
effusion The white blood cell count rose on 
the day of defervescence, but the abnormal cells 
persisted longer The patient was allowed to be 
up befoie the fluid was completely absorbed, and 
he promptly had a relapse, which was accom- 
panied by spread to the upper lobe of the right 
lung without further hemopoietic complications 

CASE OF PNEUMONIA SIMULATING TUBERCULOSIS 

WITH DEVELOPMENT OF SPONTANEOUS PNEU 
MOTHORAX WHILE PATIENT WAS 
ASYMPTOMATIC 

Case 6 — A white man was admitted to the hospital 
July 9, 1943 and discharged July 29 

History — The past history was irrelevant The 
patient was admited because of mental depression and 
suicidal ideas, present for two or three weeks 

Physical Examination — ^The patient seemed essentially 
normal 


Laboratory Findings — The white blood cells num- 
bered 8,900 per cubic millimeter, with polymorpho- 
nuclear leukocytes 72 per cent and lymphocytes 28 per 
cent The hemoglobin content was 89 per cent The 
urine was normal The sedimentation rate (determined 
by the Wintrobe method) was normal The sputum 
repeatedly failed to yield tubercle bacilli 



Fig 3 (case 6) — Mottled infiltration in the right 
upper pulmonary field simulating tuberculosis 
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Fig 4 (case 6) — Later film than that of figure 3, 
showing a small spontaneous pneumothorax at the apex 
of the right lung 

Progress — The temperature was normal on the 
patient’s admission but peaked to 99 F on the first 
two afternoons It was subsequently normal when 
the patient was kept at rest in bed No cough was 
observed during his hospitalization A diagnosis of 
manic-depressive psychosis was made, and he was 
transferred to another institution 

Roentgenograms of Chest — Of greatest interest were 
the roentgenograms of the chest The one on July 23 
(fig 3) showed a* soft cottony infiltration in the right in- 




34 


ARCHIVES OF INTERNAL MEDICINE 


fraclavicular region extending out into the first interspace 
from the hilus Subsequent roentgenograms, made 
after the patient’s discharge to another hospital, showed 
(fig 4) complete clearing of the infiltration, but a 
small apical pneumothorax had appeared, extending 
down as far as tlie first and second interspaces 

THREE CASES OF APUTRID PULMONARY ABSCESS 
WHICH RESOLVED PROMPTLY AND ONE CASE 
or SECONDARY INFECTION WITH PULMO 
NARY ABSCESS, EMPYEMA AND 
DEATH WITH AUTOPSY 

Case 7 — A white man aged 29 was admitted to the 
hospital on Jan 11, 1943 and discharged March 10 
History — The patient had been a stone cutter For 
two weeks before admission he suffered from cough 
associated with pain m the right side of the chest at 
the region of the right nipple Five days before 
admission he was confined to Quarters with a tem- 
perature of 100 2 F , mostly in the afternoon He 
had been raising a couple of spoons of sputum daily, 



Fig 5 (case 7) — Aputrid abscess cavity in the right 
upper pulmonary field nineteen days after the onset of 
cough 

and four days before his admission the sputum had 
been blood streaked He had not had chills or sweats 

Physical Examination — ^The chest was clear There 
was a varicocele on the left side The patient was 
not acutely ill 

Laboratory Exannnaltons — The sedimentation rate 
on February 19 was 0 3 mm On January 12 there 
were 9,250 white cells On February 23 the red cells 
numbered 5,000,000 There was no subsequent leuko- 
cytosis Five three-day concentrates of the sputum 
for tubercle bacilli failed to reveal any On February 
2 a heavy growth of viridans streptococci was obtained, 
on February 9, hemolytic staphylococci, gram-negative 
diplococci and nonhemolytic streptococci On January 
9 the gastric washings failed to reveal tubercle bacilli 
on smear A culture of material from the throat taken 
January 30 yielded nonhemolytic streptococci and gram- 
negative diplococci The urine and the Kahn reaction 
of the blood were negative 


Roentgenograms of the Chest — On January 9 there 
was a hazy infiltration in the upper lobe of the right 
lung which was consistent with atypical pneumonia 
One week later an area of rarefaction was present in 
the center of that area, and this w'as thought to 
represent an abscess (fig 5) The area of infiltration 
and the abscess rapidly resolved, and in about one 
month the chest was clear 

Course — From January 11 through January 14, the 
temperature varied from normal to 99 6 F On January 
IS It suddenly rose to 102 6 F, but it came down to 
99 F by January 19 Then it fluctuated from norma! 
to 100 F through February 3, when it returned to 
normal It stayed normal until February 11, and 
then fluctuated between 97 and 99 F daily throughout 
the remainder of the course No abnormal physical 
signs were found at any time A tuberculin test done 
on February 13 with 0 01 mg of old tuberculin elicited 
a negative reaction, a test on February 15, with 01 
mg gave a positive reaction The patient brought up 
only a small amount of sputum, never especially 
purulent or foul 

Case 8 — A white man aged 25 was admitted to the 
hospital April 9, 1943 and discharged May 4 

History — ^He had had pneumonia when he was 19 
One week before admission he had noted onset of 
headache, malaise and chill This was followed by a 
running nose, slight sore throat and a dry cough, 
which soon became productive of white phlegm For 
three days before admission he had had hoarseness 
The headache persisted up to his admission, althougii 
the nasal discharge had disappeared 

Physical Eraminafion — ^The patient had a slight 
nasal discharge There was no dulness or altered 
breath sounds, but there were sibilant and moist rales 
anteriorly from the right clavicle down to the fifth 
rib and laterally to the anterior axillary line The 
blood pressure was 105 systolic and 65 diastolic 

Laboratory Examinations — ^The sputum on April 20 
failed to show tubercle bacilli by smear or on inocula- 
tion of a guinea pig The sedimentation rate of the 
blood on April 30 was 0 4 per minute Blood counts 
were as follows April 9, white cells 24,500, with 
polymorphonuclear cells 79 per cent , April 13, white 
blood cells 13,150, April 28, white blood cells 7,700, 
with polymorphonuclear cells 68 The urine was 
normal The Kahn reaction of the blood was negative 

Roentgenograms of the Chest— On April 10, roentgen 
examination showed a large area of infiltration involv- 
ing the hilar zone and the lower portion of the upper 
lobe of the right lung, which was thought to be pneu- 
monia Five days later an area of rarefaction con- 
sistent with abscess appeared in the same lobe Twelve 
days later, or seventeen days after the first film was 
made, the lung showed almost complete clearing 

Course— The temperature, which was 100 2 F on 
the patient’s admission, rose to 104 8 F the same day 
and then gradually came down to normal in eight days 
On the eighth day, administration of sulfadiazine was 
started because of roentgen findings of pulmonary 
abscess, 6 Gm daily was given through the tenth daj, 
and 4 ’Cm a day from the eleventh through the 
twentieth day, a total of 58 Gttt On April 11, there 
were medium moist rales over the entire upper lobe 
of the right lung On April 16, only a few post-tussive 
rales were heard just lateral to the right third and 
fourth costochondral junctures On April 18, the 
cough had diminished, although the patient was bring- 
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mg tip small amounts o£ nonfoul green sputum 
Throughout his stay he had a complaint of a constant 
aching pain in the right upper quadrant of the chest, 
which disappeared, along with the cough, by April 19 

Case 9 — A white man aged 38 was admitted to the 
hospital Dec IS, 1942 and discharged Jan 19, 1943 

H'lstoiy — His past history was irrelevant For two 
days he had suffered from chilly feelings, running 
nose, cough, occipital headache and a few mild aches 
in the legs Sore throat had been present for twelve 
hours 
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Fig 6 (case 9) — Aputrid abscess at the base of the 
left lung sixteen days after the onset of cough Note 
the fluid level 

Physical Examination — The pharynx was diffusely 
red, the tonsillar lymph nodes were enlarged There 
were a few coarse rales at the base of the left lung 

Laboratory Examinations — Blood counts were as fol- 
lows December 15, white cells 7,000, with 74 per cent 
polymorphonuclear cells , December 21, white blood 
cells 15,000, January 12, white blood cells 9,000, 
January 22, white blood cells 8,000 The urine was 
normal 

Roentgenogi ams of the Chest — On December 16 the 
roentgenogram was normal Seven days later there 
was a dense infiltration at the base of the left lung 
Six days after this an area of rarefaction appeared in 
^ the same location, which was thought to represent an 
abscess (fig 6) The base of the lung gradually 
cleared, but the abscess remained for two weeks At 
the end of another month, the chest had cleared 
entirely 

Couise — The temperature on the patient’s admission 
was 101 6 F It came down to normal by lysis by 
December 19 It rose abruptly to 104 F on December 

20 and came down remittently by lysis to normal on 
January 1 The respiratory rate was never above 24 
Administration of sulfadiazine was started on December 
31 and continued through January 12 The rales heard 
on admission disappeared, but on January 2 reappeared 
at the base of the right lung On January 15, in spite 
of positive roentgen findings, physical examination 

^ revealed nothing significant The patient generally 
' had a mild cough, and he felt poorly only from December 

21 through January 2 On the latter date he felt 
much better and there was very little cough remaining 
Sputum was minimal and mucoid 


Case 10 — A white man aged 30 was admitted to 
the hospital Dec 4, 1942 and died Jan 16, 1943 

History — ^The family and the past history were 
irrelevant For three days the patient had had fever, 
with temperature up to 103 F , malaise, backache, chilly 
sensations and mild, nonproductive cough 

Physical Examination — The patient was uncomfort- 
able but not acutely ill He had an occasional dry 
cough, and his skin was flushed The conjunctivas 
were injected The throat was slightly inflamed The 
lungs were normal The pressure was 106 systolic 
and 70 diastolic 

Laboiatoiy Examinations — An electrocardiogram 
taken on January 11 showed a rate of 111, a PR interval 
of 0 14 second, slight deviation of the axis to the right, 
and a diphasic T wave in lead III The interpretation 
was beginning deviation of the axis to the rigjit, probably 
associated with subacute pulmonary disease Cultures 
of material from the throat revealed the following 
organisms December 5, staphylococci and gram-nega- 
tive diplococci , December 7, untyped pneumococci , 
December 10, hemolytic and nonhemolytic streptoco- 
cocci, January 15 and 19, hemolytic streptococci and 
Staphylococcus albus Cultures of blood revealed 
January 19, gram-negative diplococci and streptococci , 
post mortem, January 30, pure growth of hemolytic 
streptococci Culture of material from the lungs 
showed January 30, left lung, pure growth of hemo- 
lytic streptococci, and right lung streptococci and 
Staph aureus haemolyticus Blood counts were as 
follows December 4, white cells 8,900, with 74 per 
cent polymorphonuclear cells, December 14, white cells 
11,000, with polymorphonuclears 78 per cent, December 
22, white cells 13,000, with polymorphonuclears 91 
per cent, December 26, white cells 14,500, with poly- 
morphonuclears 89 per cent, January 1, white cells 



Fig 7 (case 10) — ^Infiltration of the right pulmonary 
field five days after the onset of severe primary atypical 
pneumonia 

20,000, with polymorphonuclears 82 per cent, January 5, 
white cells 25,000, January 12, white cells 27,000, with 
polymorphonuclears 92 per cent, January 14, white 
cells 30,000, with polymorphonuclears 93 per cent The 
urine was normal, and the Kahn reaction of the blood 
was negative 

Roentgenograms of the Chest — On December 6, a 
light hazy area was seen in the right hilar zone (fig 7) 
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This increased rapidly in size, and in about a week the 
entire right lung was involved, together with the upper 
lobe and the base of the left lung The fine splotchy 
infiltration involving both lungs cleared somewhat at 
times, but about 60 per cent 6f both lungs remained 
involved for about a month At this time, which was 
SIX weeks from the onset, an abscess developed at the 
apex of the right lung (fig 8) The major portion of 
both lungs still showed a dense stringy infiltration 
throughout 

Cowse — The temperature on the patient’s admission 
was 103 F It fluctuated remittently from 99 to 105 F 
through December 11 and then gradually dropped by 
lysis to 99 F on January 12, when it rose to 102 F 
abruptly Thereafter it ran from 99 to 104 F until 
the patient’s death, January 16 On December 6, the 
patient complained of headache and dulness and rales 
were noted at the base of the right lung On December 
10, the respiratory rate, which had been 20 to 25, rose 
suddenly to 32 On December 11, the cough was more 
productive, the sputum was mucopurulent, there was 
only slight cyanosis, and the spleen was palpable 2 
fingerbreadths below th^ costal margin On December 
15, the cyanosis was v orse, and breathing was labored 
On December 25, the patient was placed in an oxygen 



Fig 8 (case 10) — ^Pulmonary abscess six weeks from 
the onset of the illness Note the fluid level 


tent, coarse moist rales were noted over hts chest 
On December 28, he felt better, and an oxygen mask 
was substituted for the tent, although the respiratory 
rate was still 25 to 30 From January 6 on, the 
oxygen was gradually withdrawn The only complaint 
was occasional pleuritic pain On January 11, the 
patient had an attack of syncope, associated with pain 
in the right side of the chest Examination of the 
chest revealed nothing abnormal An electrocardio- 
gram was taken January 14 (see report of laboratory 
examinations) On January 15, the patient appeared 
worse, his appetite was poor, he felt pain in the left side 
of the chest, and there were rales at the bases of both 
lungs and in the right axilla On January 16, the 
patient declined rapidly, became pulseless, brought up 
much frothy sputum and died Sulfadiazine was admin- 
istered from December 5 through December 12, but 
this treatment was stopped because of red blood cells 
and casts in the urine After clearing of urine the 
drug was readmimstered from December 17 through 
December 22 


Cross Obsprvattom at Atdopsy — Thoracic Cavity 
There were numerous fine adhesions all over the right 
lung and at the base of the left lung The right lung 
weighed 1,025 Gm , on section, the upper lobe was firm 
and yellowish to pink gray and the lower lobe was 
nodular with yellow purulent exudate in the larger 
bronchi and the dilated bronchioles In the upper lobe 
near the apex an abscess cavity 4 by 3 by 2 cm was 
found, it contained thick yellow purulent exudate and 
Its walls were covered with a shaggy yeliow-gray layer 
of fibrin and necrotic tissue No direct connection 
between this cavity and the smaller bronchi could be 
demonstrated The left lung weighed 755 Gm The 
upper lobe was normal, and the lower lobe was dark 
reddish gray with yellovv-gray exudate in the bronchi 
and bronchioles The hilar nodes bilaterally revealed 
a bulging, succulent, pinkish gray surface 

Miooscopic Observations at Autopsy — Bronchus and 
Peribronchial Lymph Node Section revealed moderate 
edema of the lymph node with increased proliferation 
of mononuclear and reticular cells in the sinusoids 
There were also rare accumulations of neutrophils in 
the sinusoids 

Right Lung Several sections of the right lung 
revealed the pleura to be covered with a thick layer 
of fibrin containing many neutrophils and a few macro- 
phages The pleura was edematous, with the capil- 
laries engorged, and was infiltrated with many neutro- 
phils and macrophages Some sections of the slide 
showed the alveoli to be filled with variable numbers 
of red cells, neutrophils, mononuclears and macro- 
phages m a fibrin meshwork In some regions the 
cellular exudate consisted almost entirely of red cells 
and neutrophils, while m others mononuclears and hpid- 
laden macrophages predominated The alveolar walls 
were swollen and infiltrated with mononuclears In 
other areas the cellular exudate showed beginning 
organization with ingrowth of capillaries and fibro- 
blasts The wall of the abscess cavity, noted on gross 
examination, consisted of a layer of fibrin and de- 
generating exudate overlying a wall of juvenile con- 
nective tissue and budding capillaries which in turn 
was heavily infiltrated with mononuclears, hpid-laden 
macrophages, plasma cells and occasional neutrophils 
and foreign body type giant cells Besides this large 
abscess cavity there were many small abscesses con- 
sisting of large focal accumulations of neutrophils 
with destruction of all intervening alveolar walls Left 
lung The pleura was essentially normal The 
bronchioles contained a fibrinous exudate in which 
were desquamated epithelium and many neutrophils 
and mononuclears Their walls were edematous and 
infiltrated with many mononuclears and neutrophils 
and occasional foreign body type giant cell One 
bronchiole showed beginning organization of its fibrin- 
ous exudate by ingrowth of capillaries and juvenile 
connective tissue Many of the peribronchial alveoli 
showed a hemorrhagic infiltration Other alveoli con- 
tained edema fluid, and variable numbers of red cells, 
neutrophils and macrophages in a fibrin meshwork 
In other regions lipid-Iaden macrophages replaced the 
red cells and neutrophils Occasional small areas 
were found in which the exudate showed signs of 
organization 

In analyzing the course of these patients with 
pulmonary abscess, it was seen that this compli- 
cation occurred on the nineteenth, the thirteenth, 
the sixteenth and the forty-second day of their 
respective illnesses In additional cases of 
atypical pneumonia without abscess formation it 
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was noted that the leukopenia pi esent on the pa- 
tients’ admission was succeeded by a moderate 
leukocytosis (15,000 to 18,000 white cells) dur- 
ing the afebrile period of the convalescence, 
about the eighteenth da}’’ Sometimes this was 
associated with an iiici eased amount of sputum 

TWO CASES ILLUSTRATING OCCURRENCE OF FEVER, 
LEUKOCYTOSIS, SPREAD OF THE PNEUMONIA 

AND PROMPT RESPONSE TO TREATMENT WITH 

SULFONAMIDE COMPOUNDS DURING CON- 
VALESCENT STAGE OF THE DISEASE 

Case 11 — A white man aged 21 was admitted to the 
hospital on June 30, 1943 and discharged July 26 

Histoty — His family and his past history were ir- 
lelevant For four days he had had nonproductive 
cough, feverishness, severe postorbital headache and 
temperature as high as 101 F 

EvaminaUon — Physical examination revealed a dry, 
coated tongue and dulness, bronchial breath sounds and 
bronchophony at the base of the right lung 

Examination of the sputupi on June 30 and July 14 
failed to reveal pneumococci Leukocyte counts were 
as follows June 30, 14,300 with 80 per cent poly- 
morphonuclear cells, July 1, 8,900, with 73 per cent 
polymorphonuclear cells, July 10, 21,550, July 12, 
18,500 with 85 per cent polymorphonuclear cells, July 
14, 13,800, July 17, 7,400 

Roentgenograms of the chest revealed the following 
significant features June 30, a dense hazy area at the 
base of the right lung, July 5, the area of haziness 
more extensive, with a small amount of fluid present, 
July 12, 50 per cent clearing of the base of the right 
lung and a small area of infiltration at the base of 
the left lung, July 17, all abnormalities diminishing, 
July 23, complete clearing 

Cotitse — The cough, distressing at the onset, gradu- 
ally subsided The initial temperature of 101 F 
dropped to normal on the fifth day of the patient’s 
hospitalization (eighth day of the illness), but there 
was another rise to 99 to 101 F during the tenth '^o 
fifteenth day of the hospitalization (fourteenth to 
nineteenth day of the illness), coincidental with the 
rise of the white blood cell count to 21,550 on July 10 
These changes were unaccompanied by increase in the 
cough 

This case illustrated a spread of the infection 
on the tenth day of the patient’s hospitalization 
(fourteenth day of the illness), accompanied 
by definite leukocytosis, probably indicative of 
invasion by secondary organisms, m contrast to 
the lack of leukocytosis at the onset 

Case 12 — K white man aged 24 was admitted to 
the hospital on Nov 24, 1942 and discharged on 
December 27 

History — The family and past history were irrelevant 
For two days the patient had had cough, productive of 
yellow sputum, pain in the right shoulder and fever 

Examination — Physical examination revealed a 
slightly inflamed pharynx and bronchovesicular breath 
sounds posteriorly over the left side of the chest at 
the level of the fifth to eighth thoracic vertebrae 

Blood culture on December 13 gave negative results 
Leukocyte counts were as follows November 25, 
7,900, December 13, 21,600, with 91 per cent poly- 
morphonuclears , December 19, 8,100 Culture of the 


sputum on November 26 revealed gram-negative dip- 
lococci , smear failed to reveal pneumococci , on De- 
cember 8, a smear did not show any tubercle bacilli 
Roentgenograms of the chest on November 25 showed 
a dense infiltration m the medial third of the left lung 
extending out from the hilus, on December 12, slight 
residual infiltration was still present 

Couise — The cough and sputum increased for sev- 
eral days after the patient’s admission to the hospital, 
and rales spread all over the lower half of the left 
side of the chest posteriorly Simultaneously with the 
drop in temperature during the first eleven days of the 
hospitalization (thirteen days of the illness), the cough 
and physical signs began to clear On December 13, 
(eighteenth day of hospitalization or twentieth of 
illness), he had a chill and a rise of temperature, 
together with return of cough and purulent sputum and 
signs of consolidation at the base of the right lung 
All the signs and symptoms cleared rapidly in three 
days under sulfadiazine therapy 

This case illustrated again a spread of pul- 
monary infection late in the convalescence, ac- 
companied by leukocytosis 

COMMENT 

In many lespects the complaints referable to 
the central nervous system that have been noted, 
e g stiffness of the neck, headache, disorientation, 
vertigo and strabismus, make one think of pneu- 
monia in children, since these symptoms rarely 
usher in an attack in adults Cunningham ® 
reported such symptoms in 8 per cent of 1,500 
children with pneumonia Adams and Berger^ 
stated that 4 8 per cent of 145 children with 
pneumonia were admitted to the hospital with a 
diagnosis of meningitis However, involvement 
of the centi al nervous system such as was evident 
m cases 1, 2 and 5 has been previously noted by 
others ^ in atypical pneumonia, though details 
were not always given Reimann mentioned 5 
such cases, in 1 of which (case X) there was a 
spinal fluid cell count of 350, of which 75 per 
cent were polymorphonuclears, and the total pro- 
tein measured 74 mg per hundred centimeters, 
Kneeland reported 1 patient (out of 52 with 
atypical pneumonia) with stiff neck and stupor 

3 Cunningham, A R Results of Open Air Treat- 
ment of Pneumonia in Children An Analysis of 1,500 
Cases of Lobar Pneumonia from the Records of the 
Children’s Hospital, Boston, Boston M & S J 174 * 
753 (May 25) 1916 

4 Adams, F D , and Berger, B J Differential 
Diagnosis of Lobar Pneumonia and Appendicitis in 
Children, J A M A 79 1809 (Nov 25) 1922 

5 (a) Reimann, HA An Acute Infection of the 

Respiratory Tract with Atypical Pneumonia, J A 
M A 111 2377 (Dec 24) 1938 (&) Gallagher, J R 

Acute Pneumonitis A Report of Eighty-Seven Cases 
Among Adolescents, Yale J Biol & Med 13 663 
(May) 1941 (c) I^eeland, Y, Jr, and Smetena, H. 

F Current Bronchopneumonia of Unusual Qiaracter 
and Undetermined Etiology, Bull Johns Hopkins Hosp. 
67 229 (Oct ) 1940 (d) Allen, W H Acute Pneu- 

monitis, Ann Int Med 10 441 (Oct) 1936 
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whose spinal fluid contained only 4 cells It is 
important to bear in mind that stupor, stiff neck 
and disorientation may occasionally dominate the 
clinical picture of this disease at the onset, es- 
pecially in view of the paucity of physical signs 
of the pulmonary involvement that so often exists 
during the first week 

Small amounts of pleuial fluid have been men- 
tioned in other reports For example, Smiley 
and associates,® m a report of 86 cases, said that 
“in about 5 per cent of the cases the involvement 
was severe In this gioup there was a 

decided tendency to some involvement of the 
mterlobai pleura and, in one case, of the parietal 
pleura ” In a leport of 132 cases of pneumonia 
in college students Murray ’’ found 1 case with 
“x-ray evidence of questionable fluid ” Our 
patients with fluid (cases 3, 4, 5 and 10) were 
all moderately or severely ill In all of them the 
fluid absorbed slowly without tapping the chest 
We did notice a tendency to relapse oi spread of 
the parenchymal infection in the patients with 
pleural involvement, especially when they were 
allowed to become ambulatory too soon Case 
5, with the leukopenia and marked outpouring 
of immature cells, seems to be unique, for no 
such complication has been previously reported 
Prompt return of the blood picture to normal 
coincided with defervescence It is interesting 
that the patient did have a mild leukocytosis with 
the late secondary infection of his throat and ear 
and that sulfathiazole was used at that time with- 
out adverse effect on his blood 

The 3 cases with aputrid pulmonary abscess 
(cases 7, 8 and 9) are similarly unlike those re- 
ported elsewhere The resemblance of the condi- 
tion to tuberculous cavitation, especially when 
located in the upper pulmonary fields, is note- 
worthy, but such a cause was ruled out in our 
cases by the clinical course and laboratory studies 
The pathogenesis seems to be that of infection by 
secondary invaders during the convalescent 
period of the disease Examples of such invasion 
of the throat (case 1) and the middle ear (case 
2) as well as the lungs without abscess formation 
(cases 11 and 12) are given Such supennfections 
are accompanied by leukocytosis, in contradis- 
tinction to the primary disease Moreover, the 
use of sulfonamide compounds at such times has 
the same therapeutic effectiveness as with pri- 
mary bacterial infections, whereas their ineffec- 

6 Smiley, D F , Showacre, E C , Lee, W F , 
and Ferns, H W Acute Interstitial Pneumonitis A 
New Disease Entity, JAMA 112 1901 (May 13) 
1939 

7 Murray, M E , Jr Atypical Bronchopneumonia 
of Unknown Etiology, Possibly Due to a Filterable 
Virus Ne\\ England J Med 222 565 (April 4) 1940 


tiveness in primary atypical pneumonia is now 
well recognized Finally, it cannot be overem- 
phasized that if such aputrid abscesses are en- 
countered in the future, the benign course in our 
cases should be borne in mind and surgical in- 
tervention should certainly be withheld m favor 
of conservative therapy 

Our 1 fatality was in a case (case 10) of pri- 
mary atypical pneumonia of great severity and 
superimposed secondary infection at a time when 
the patient was debilitated though recovering 
from the primary disease This is the type of 
situation that occurs frequently in debilitating 
chronic disease of all kinds , however, it has been 
noted in primary atypical pneumonia previously,® 
with empyema, pulmonary abscess and extension 
of the pneumonia after invasion by streptococci 
01 staphylococci The incidence of such a severe 
complication is extremely lo\v in this disease In 
fact, Kneeland and Smetana said of secondary 
bacterial infection “Our clinical impression was 
that secondary bacterial infection of the lungs 
occurred so larely as to make it seem that the 
disease might actuall}’- predispose against it ” It 
does not seem justified to advocate the routine 
use of full doses of sulfonamide compounds from 
the onset of treatment of atypical pneumonia in 
order to prevent the aforementioned late compli- 
cations, since complications due to these drugs 
are more frequent and more dangerous than 
secondary bacterial complications 

If it IS considered wortli while to attempt to 
prevent late secondary bacterial complications, 
it IS suggested that the drug should be given after 
the first week and in relatively small, nontoxic 
doses, such as 3 Gm per day for adults 

SUMMARY 

Of 180 cases of all varieties of pneumonia re- 
ported in a nine month period among soldiers, 
150 were classified as instances of primary atypi- 
cal pneumonia 

Complications noted weie 3 instances of meii- 
ingismus, 3 of pleural effusion, 1 of extreme 
leukopenia, 1 of spontaneous pneumothorax, 3 
of benign pulmonary lung abscess and 1 of fatal 
pulmonary abscess and empyema among 10 pa- 
tients 

An attempt was made to elucidate the patho- 
genesis and treatment of the pulmonary abscesses 
occur^ng during the course of primary atypical 
pneumonia 

8 Adams, J M , Green, R G , Evans, C A , and 
Beach, N Primary Virus Pneumonitis A Compara- 
tive Study of Two Epidemics, J Pediat 20 405 (April) 
1942 McKinlay, C A , and Cowan, D W Acute 
Respiratory Infections, Including Lobar Pneumonia and 
Atypical Pneumonia in a Young Adult Group, Journal- 
Lancet 61 125 (April) 1941 • 



EFFECT OF PROLONGED PHYSICAL INACTIVITY 
ON TOLERANCE OF SUGAR 
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It IS lecognized that exeicise increases the 
utilization of dextiose This fact was first 
demonstrated by Rakestraw ^ and by Levine ^ 
and their associates, who observed in normal 
people that a long peiiod of exeicise is usually 
accompanied by a drop in the level of sugai in 
the blood, although short, stienuous exercise 
increases the concentration of sugar in the blood 
Exercise also lowers the level of blood sugar of 
persons with diabetes who have an adequate 
supply of insulin This effect is^ so striking that 
exercise ® is now accorded a prominent place in 
the tieatment of diabetes along with diet and 
insulin In contrast, there has been no work 
to show the effect of physical inactivity or pro- 
longed rest in bed on the carbohydrate metab- 
olism in nondiabetic persons The fact that 
exercise increases the carbohydiate metabolism 
does not necessarily mean that inactivity will do 
the opposite If such reasoning were followed 
one would expect to find an impioved carbo- 
hydrate tolerance in normal thin persons taking 
insulin to gain weight However, this is not the 
case, since in a large number of these persons a 
diminished sugar tolerance has been found ^ 
duiing the period of treatment with insulin 

Nearly all of the adults were studied at the Jewish 
Memorial Hospital, where Dr Rudolph Haas and 
Dr Israel R Duke assisted The children were 
studied at the New England Peabody Home for 
Crippled Children through the courtesy of Dr Frank 
R Ober and Dr Gerald N Hoeffel, Boston 

1 Rakestraw, N W The Effect of Muscular 

Exercise upon Certain Common Blood Constituents, J 
Biol Chem 47 565, 1921 Rakestraw, N W , 

Barley, C V , and Hahn, Y D Further Changes in 
Some of the Blood Constituents Following Strenuous 
Muscular Exercise, ibid 56 121, 1923 

2 Levine, S A , Gordon, B , and Derick, C L 
Some Changes in the Chemical Constituents of the 
Blood Following a Marathon Race with Special 
Reference to the Development of Hypoglycemia, J A 
M A 82 1778 (May 31) 1924 Gordon, B , Kohn, 
L A , Levine, S A , Matton, M , Scnver, W M, 
and Whiting, W B Sugar Content of the Blood in 
Runners Following a Marathon Race, ibid 85 508 
(Aug 15) 1925 

3 Joslin, E P , Root, H F , White, P , and 
Marble, A The Treatment of Diabetes Mellitus, ed 
7, Philadelphia, Lea & Febiger, 1940, p 333 

4 Blotner, H Insulin and Sugar Tolerance in 
Thin People, Arch Int Med 53 153 (Jan) 1934 


It seemed of practical interest to study this 
problem by obseivmg whether the carbohydrate 
metabolism was distuibed in a group of non- 
diabetic patients who had been confined to bed 
for lelatively long peiiods of time This would 
appear to be of particular importance now, since 
many persons injured in the war will be con- 
fined to bed for considerable periods and the 
pi oblem of interpi eting values for sugar tolei ance 
foi some of them will undoubtedly arise 

This paper reports the results of dextrose 
tolerance tests obtained in 86 nondiabetic persons 
— 70 adults and 16 children — who had been long 
in bed because of certain diseases 

PLAN OF INVESTIGATION 

Since the simplest test available at present to de- 
termine tlie integrity of the mechanism of carbo- 
hydrate metabolism is that for dextrose tolerance, this 
test was used The values for dextrose tolerance of 
patients who had been in bed in the hospital from four 
weeks to eight years were compared with observations 
made on 10 normally active adults and on 11 active 
children A standard dose of 100 Gm of dextrose 
was used for the adults The dose was 50 Gm for 
a child who weighed less than 75 pounds (34 Kg) 
and 75 Gm for one who weighed more than 75 pounds 
The dextrose was mixed with 250 cc of water, flavored 
with SO cc of lemon juice, chilled and ingested after 
the patient had fasted overnight The concentration of 
sugar in the blood and in the urine was determined in 
specimens taken during fasting and at intervals of one- 
half hour and one, two and three hours after the 
ingestion of the dextrose mixture The determinations ® 
of the blood sugar were made in all cases on 0 1 cc 
samples of capillary blood according to the micro- 
method of Folin and Malmros ® Simultaneous de- 
terminations of capillary and of venous blood sugar 
were made for all of the children and for 18 inactive 
and 10 active adults in order to study the artenovenoui 
differences in the blood sugar The capillary and 
venous bloods were obtained by two operators simul- 
taneously from the antecubital veins and from the 
finger tips The venous blood was mixed with powdered 
sodium oxalate, and then immediately 0 1 cc of this 
blood was treated like capillary blood 

The test for sugar in the urine was made with 
Benedict’s solution In 24 cases the sugar tolerance 
tests were repeated under the same conditions, on one 

5 Miss Muriel Reiner gave technical assistance. 

6 Folin, O , and Malmros, H An Improved Form 
of Folin’s Micro Method for Blood Sugar Determina- 
tions, J Biol Chem 83 115, 1929 
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to three occasions after varying intervals to see virhether 
there would be any changes in the results In 10 cases 
the sugar tolerance tests were made after the formerly 
bedridden patients had been ambulatory for two to six 
months 

When it was found that so many of the adult 
inactive patients had a diminished sugar tolerance and 
that age may have been a factor in these results, the 
sugar tolerance of a group of 16 inactive children was 
studied 

CLINICAL MATERIAL 

There were studied first 70 consecutive nondiabetic 
patients, 36 men and 34 women Most of the patients 
were of normal or slightly below normal weight for 
their height, age and sex The weight of a few 
patients was above or below normal The 4 heaviest 
patients weighed 175 pounds (79 Kg ) each Nearly 
all of these patients and those of the control group 
were Jewish Their ages varied from 18 to 92 years, 
as follows Seven patients were from 18 to 41 years 
old, 12, from 41 to 51 years, 16 from 51 to 61 years, 
21, from 61 to 71 j'ears, and 12, from 71 to 78 years, 
2 were 80 and 92 years old respectively 
The patients received the routine house diet, which 
consisted of approximately 250 Gm of carbohydrate, 70 
Gm of protein and 75 Gm of fat The daily intake 
was approximately 2,000 calories, with an adequate 
amount of protective foods The adults had various 
pathologic conditions, such as hereditary ataxia, poly- 
cythemia, tuberculous spondylitis, amyotonia atrophica, 
progressive muscular dystrophy, syringomyelia, the 
tabetic form of dementia paralytica, progressive 
muscular atrophy, multiple sclerosis, old cerebral hemor- 
rhage, hemiplegia, atrophic arthritis, chronic myo- 
carditis, coronary occlusion, hypertension, carcinoma of 
the bowel, bronchiectasis, fractured leg or hip, peptic 
ulcer, periarteritis nodosa, gout, lymphoblastoma, 
Parkinson’s disease, amputation of both legs or of one 
leg, chronic colitis, and cancer of the lung or prostate 
A moderate hypertension, with the blood pressure about 
185 systolic and 95 diastolic, was present in 12 cases 
Practically all of these patients had been in bed for 
a considerable time before admission to the hospital 
Before the sugar tolerance tests were made the patients 
had been confined to bed in the hospital as follows 
22 patients from one to four months, 20 from five to 
ten months, 21 from one to four years, 5 from five to 
seven years and 2 for eight years 
The children, all gentiles, had been confined to bed 
from seven months to thirteen years There were 10 
boys and 6 girls, their ages ranging from 4 to 13 years 
Most of them were in casts or on traction They had 
such conditions as tuberculosis of the spine and knee, 
Legg’s disease, scoliosis, coxa vara, clubbed foot, in- 
flammation of the hip, necrosis of the femur, old 
poliomyelitis, arthritis and progressive muscular dys- 
trophy They ate well and took a good general diet 
Only 2 of the children appeared considerably overweight 
for their height 

In view of the results of the sugar tolerance 
tests, careful family histones with regard to 
diabetes were taken in all of the cases It is 
interesting to note that a family history of 
diabetes was obtained for only 2 adult patients 
(3 per cent of the total number) , each of these 
patients had 2 brothers with diabetes None 
of the children had a history of diabetes in the 


family This familial incidence of diabetes of 
3 per cent is less than that found by Blotner 
and Hyde ^ for consecutive volunteers and 
selectees, 5 2 per cent of whom had a family 
history of diabetes 

RESULTS IN ADULTS 

The results obtained in the adults and in the 
children are shown in the accompanying charts 

The criteria for interpreting the normal sugar 
tolerance are rather difficult to fix, because of 
the variable blood sugar cuives which have been 
reported for so-called nondiabetic persons and 
consequently labeled normoglycemic curves One 
of the best papers on the criteria for determining 
the normal sugar tolerance was written by Gray,® 
who studied 300 apparently healthy persons 
His data showed the average normal fasting 
blood sugar to be 0 09 per cent and the average 
postprandial values to be 0 14 per cent m one-half 
hour, 0 12 per cent in one hour. Oil per cent in 
two hours and 0 09 per cent in three hours 
These values remained the same after the inges- 
tion of 50 to 100 Gm of dextrose Others have 
reported higher values for normal sugar tolerance 
curves, which may have been obtained from pa- 
tients with chronic diseases 

In general, there was a diminished sugai 
tolerance in the patients who had been confined 
to bed for considerable periods Of the 70 
adults, 63 had definitely diminished sugar toler- 
ance curves Typical examples of the results 
of these curves tests are shown in chart 1 The 
fasting blood sugar ranged from 70 to 130 mg 
per hundred cubic centimeters in 37 cases it 
was from 70 to 105 mg , in 20 from 106 to 124 
mg and in 6 approximately 130 mg 

One hour after the ingestion of dextrose the 
blood sugar rose to abnormal levels, the maxi- 
mum being 364 mg per hundred cubic 
centimeters At this time 34 patients had con- 
centrations of blood sugar ranging from 180 to 
225 mg, 22 had approximately 250 mg and 
7 had 290 to 364 mg In two hours the levels of 
blood sugar decreased appreciably in some cases, 
and in a few they increased In three hours 16 
patients had levels of blood sugar of 120 mg oi 
less, and 47 had levels ranging from 140 to 
278 mg In all of these cases the specimens of 
fasting urine contained no sugar After the 
ingestion of dextrose considerable amounts of 

7 Blotner, H , and Hyde, R W Renal Glycosuria 
m Selectees and Volunteers, JAMA 122 432 
(June 12) 1943, Studies m Diabetes Mellitus and 
Transient Glycosuria in Selectees and Volunteers, New 
England J Med 229 885 (Dec 9) 1943 

8 Gray, H Blood Sugar Standards I Normal 
and Diabetic Persons, Arch Int Med 31 241 (Feb) 
1923 
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sugar, varying from 1 -}- to 4 -j-, were found 
often in the uiiiie However, it was quite strik- 
ing to find that frequently the uiine was free 
from sugar when simultaneous levels of blood 
sugar were 200 oi 250 mg This condition was 
found on repeated occasions even for the same 
persons Apparently there was a high renal 
thieshold for sugar in these cases Often the 
patients who were m bed for the longest periods 
had the highest blood sugai curves Some of 
the patients who were more active in their life 


RESULTS IN CHILDREN 

The results of sugar tolerance tests of 16 in- 
active children were of unusual interest because 
here too the tolerance was diminished, 
particularly as compared with the results 
obtained for the 11 normally active gentile chil- 
dien However, the children’s sugar tolerance 
cuives did not rise as high as those of the adults 
Typical examples of the sugar tolerance curves 
obtained for children are shown in chart 3 The 
fasting levels of blood sugar of the children 



Chart 1 — Illustrations of blood sugar curves following the ingestion of 100 Gm of dextrose for 63 iiondiabetic 
adults with various diseases who had been confined to bed from one month to eight years 


in bed or in chairs did not have as greatly 
elevated blood sugar curves as those who weie 
more restricted in activity These rules, how- 
ever, were not invariable Hypei tension, infec- 
tion, arteriosclerosis and obesity in themselves 
did not appear to be significant m bringing about 
these results 

The age and sex did not appear to have any 
definite bearing on the dextrose tolerance in these 
cases, because a number of the patients between 
18 and 50 years of age had abnormal results of 
the tests, whereas 10 active persons aged 53 to 73 
had normal results One arthritic patient aged 
67 years who had been in bed for seven years 
had a normal sugar toleiance In most cases 
m which sugar tolerance tests were repeated on 
several occasions under similar conditions there 
was almost no variation in the results 

For 10 patients who had been confined to bed 
for long periods sugar tolerance tests were re- 
peated after they had been ambulatory from two 
to SIX months The blood sugar was found to be 
normal m 6 cases, somewhat improved, although 
still abnormal, in 2 cases, and unchanged in 
2 cases (chart 2) 



Chart 2 — Comparison of results of sugar tolerance 
tests of some patients when they were confined to 
bed and after they had been ambulatory for several 
months 
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ranged from 90 to 107 mg per hundred cubic 
centimeters The greatest rise m the blood 
sugar one hour aftei the ingestion of dextrose 
was to 238 mg, which decreased to approxi- 
mately 140 to 172 mg in two hours and to 90 to 
145 mg in three hours The specimens of fast- 
ing urine of the childien showed no sugar After 
the ingestion of dextiose some of the subjects 
had varying amounts of sugar in the urine 
Some of the children seemed to have a diminished 
renal threshold for sugar, since sugar (1 plus 
and 2 plus) was found m the urine when the 

blood sugar was at a level of from 115 to 167 mg 

/ 

ARTERIOVENOUS DIFFERENCE IN 
BLOOD SUGAR 

It had been suggested that the lack of muscular 
activity or lack of muscular utilization of sugai 
was the cause for the abnormal lesults obtained 
m the sugar tolerance tests If this were the case 


Bhstein,^® even in the presence of considerable 
arteiiovenous differences In addition, Langner 
and Fies “ found this to be true whether tliere is a 
free flow of blood from the finger or whether the 
fingei IS squeezed Consequently, in this paper 
I refer to the sugai m the capillary blood as 
aitenal blood sugar 

The results of the tests for arteriovenous 
differences appeared quite significant after the 
ingestion of dextrose These results are illus- 
trated m chart 4 

In the inactive adults the usual arteriovenous 
difference in the fasting blood sugar was approxi- 
mately 8 or 10 mg per hundred cubic centi- 
metei s A few had equal values for arterial and 
the venous fasting blood sugar, and in others the 
venous content was 3 or 4 mg higher than the 
arterial At the peak of the blood sugar curves 
after the ingestion of dextrose the arteriovenous 
differences of the blood sugai generally langed 
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Chart 3 — Characteristic blood sugar curves following the ingestion of de^.t^ose for 16 nondiabetic children 
with certain diseases who had been confined to bed from six months to thirteen years, compared with typical 
sugar tolerance in active children 


one would expect the physically inactive patients 
to have diminished differences in the simultane- 
ous values for arterial and for venous blood 
sugar 

To study this aspect of the pioblem furthei 
the arteriovenous difference m the blood sugai 
was studied in 18 inactive adults and 16 inactive 
children and compared with the normal differ- 
ence For practical purposes the concentration 
of sugar in the blood obtained from the capillaries 
of the finger by puncture is practically identical 
with the concentration of sugar in the blood 
simultaneously obtained from the radial artery 
This has been well demonstrated by Langner 
and Fies,® Hagedorn,^® Foster Jonas and 

9 Langner, P H , and Fies, H L Blood Sugar 
Values of Blood Obtained Simultaneously from the 
Radial Artery, Antecubital Vein, and the Finger, Am 
J Clm Path 12 559, 1942 


fiom 15 to 30 mg per hundred cubic centimeters, 
and on rare occasions the difference was as much 
as 40 to SO mg In three hours the arteriovenous 
difference m the blood sugar was approximately 
15 or 20 mg In comparison, the active adults 
after the ingestion of dextrose had arteriovenous 
diffeiences of the blood sugar of 10 to 20 mg at 
the peak of the blood sugar curves and of approx- 
imately 10 mg in three hours 

10 Hagedorn, H C Om sukkerprocenten i vena 
mediana cubiti, Ugesk f Iieger 82 796, 1920 

11 Foster, G L Studies on Carbohydrate Me- 
tabolism I Some Comparisons of Blood Sugar Con- 
centrations in Venous Blood and m Finger Blood, J 
Biol Chem 55 291, 1923 

12 Jonas, L A Note on Cutaneous Venous Blood 
Sugar Difference in Normal Males and Females and 
m Thyroid Disease, J Chn Investigation 12 139, 
1933 

13 Blistein, I La glycemie artenelle et veineuse. 
Arch internat de med exper 8 25, 1933 
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In tlie children the arteriovenous differences 
in blood sugar were similar to those found in the 
adults, as illustrated also in chart 4 
In many of the patients with diminished sugar 
tolerance the arteriovenous differences were even 
gi eater than those ordinarily found m normal 
persons This strongly suggests that even though 
patients are physically inactive their muscles 
utihze sugar normally Consequently, the result 
obtained m the inactive patients requires another 
explanation 

COMMENT 

The results of this investigation show that 
persons with certain pathologic conditions who 
are confined to bed foi considerable periods have 
diminished dextrose tolerance The blood sugar 
cun^es are of the diabetic type It might be 
assumed that because of the physical inactivity 
the muscles do not use up as much dextrose as 


necessity for secreting insulin, and the insulin 
content of the pancreas is reduced Conse- 
quently, the reaction of the islets of the pancreas 
to stimulation by dextrose becomes less than 
normal Furthermore, with physical inactivity 
there is not the demand for rapid storage and 
utilization of sugar that is present in active 
persons, and this results m less demand on the 
pancreas and ultimately in diminished function of 
the pancreas 

There have been reports of tests showing 
diminished sugar tolerance in patients with 
certain diseases who have been ill for some 
time Although the cause for this is unknown, 
attempts were made to correlate the disease with 
the disturbed carbohydrate metabolism Nissen 
and Spencer found that sugar tolerance tests 
showed abnormal results in 57 per cent of 222 
patients with aithritis and that age, sex, blood 



Chart 4 — Illustrations of capillary-venous differences in sugar tolerance curves for 18 adults and 16 children 
confined to bed for long periods, compared with corresponding values for active adults and children A, capillary 
blood, V, venous blood 


they do when active However, stich a hypothesis 
can be questioned, because these patients do not 
eat as much as they do when active and con- 
sequently there is not as much available sugar 
to metabolize Furthermore, the arteriovenous 
difference in the blood sugar curves after the 
ingestion of dextrose was found to be as great 
as or even greater than the normal difference 
This suggests that the muscle of the inactive pa- 
tient IS capable of utilizing as much sugar as that 
of the normal person It would appear that pro- 
longed physical inactivity allows the pancreas to 
rest and results in sugar tolerance curves similar 
to those obtained when the pancreas is put at rest 
after insulin is administered m the treatment of 
nondiabetic malnutrition ^ or when animals are 
placed on a high fat diet Under these con- 
ditions the pancreatic islets are relieied of the 


pressure and focus of infection had no apparent 
relation to these results 

Diminished dextrose tolerance has been ob- 
served in certain patients with tuberculosis by 
Langston and by Kramer Rohdenburg, 
Bernhard and KrehbieU® studied a variety of 

14 Haist, R E , Campbell, J , and Best, C H 
The Prevention of Diabetes, New England T Med 
223 607, 1940 

15 Nissen, H A, and Spencer, K A Sugar 
Tolerance in Arthritis, New England T Med 210*13 
1934 

16 Langston, W Glucose Tolerance Test, J Lab 
& Clin Med 7*293, 1922 

17 Kramer, D W Glucose Tolerance Curves in 
Pulmonary Tuberculosis, J Lab & Chn Med 18 1212 
1933 

18 Rohdenburg, G L , Bernhard, A , and Krehbiel, 
O A Study of Sugar Mobilization Based upon Twa 
Hundred and Twenty-Eight Human Cases, Am. T M 
Sc 159 577, 1920 
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diseases, especially cancer,^® and found that many 
diseases are accompanied by hyperglycemia after 
ingestion of dextiose and that the concentration 
of the blood sugar is not the sole factor in the 
development of glycosuria A reduction in sugar 
tolerance may occur in old age, according to 
Deren,“® Hale-White and Payne and Mar- 
shall, especially in the presence of disease 
I believe that the diminished sugar tolerance 
noted m old persons is due not to age but rather 
to the inactivity associated with age and that if 
these people were normally active their sugar 
tolerance would likely be normal In this con- 
nection the effect of inactivity would vary with 
individuals 

A disturbed carbohydrate metabolism may be 
found in patients with mental disease in an insti- 
tution, as shown by Robinson and Shelton,"^ who 
noted that this was common in 69 consecutive 
patients with nervous or mental disease It 
would appear that inactivity is common to ffhc 
patients with the diesases mentioned and that 
this factor may play an important role m the 
diminished carbohydrate metabolism 

SUMMARY 

A study was made of the effect of prolonged 
physical inactivity on the dextrose tolerance of 

19 Rohdenburg, G L , Bernhard, A , and Krehbiel, 
O Sugar Tolerance in Cancer, J A M A 72 1528 
(May 24) 1919 

20 Deren, M D Dextrose Tolerance in the Aged, 
J Lab & Chn Med 22 1138, 1937 

21 Hale-White, R , and Payne, W W The 
Dextrose Tolerance Curve in Health, Quart J Med 
19 393 1926 

22 Marshall, F W The Sugar Content of the 
Blood in Elderly People, Quart J Med 24 257, 1931 

23 Robinson, G W , J r , and Shelton, P Incidence 
and Interpretation of Diabetic-Like Dextrose Tolerance 
Curves in Nervous and Mental Patients, JAMA 
114 2279 (June 8) 1940 


86 nondiabetic patients — 70 adults and 16 chil- 
dren — ^who had been confined to bed for one 
month to thirteen yeais by various pathologic 
conditions A comparison was made between the 
dextrose tolerance of these patients and that of 
active adults and children 

Is was found in general that the sugar toler- 
ance was diminished in the patients who had 
been confined to bed for considerable periods 
The fasting blood sugar m these cases ranged 
from 70 to 130 mg per hundred cubic centi- 
meters, and the fasting ui me was free from sugar 
After the ingestion of dextrose the concentration 
of blood sugar rose to abnormal levels, the maxi- 
mum being 364 mg, and varying amounts of 
sugar were found m the urine at various times 
In many of the adults there was a high renal 
threshold for dextrose In some patients who 
later became ambulatory for several months the 
sugar tolerance returned to normal Age did not 
appear to have a definite relation to the dimin- 
ished sugar tolerance Hypertension, vascular 
disease, obesity and infection in themselves did 
not appear to be significant as causes 

The arteriovenous differences m the blood 
sugar of a group of inactive persons after the 
ingestion of dextrose ranged from 15 to 50 mg 
per hundred cubic centimeters, which is normal 
or greater than normal These results indicate 
that the muscles of the physically inactive pa- 
tients are capable of utilizing sugar normally 

It is suggested that during prolonged physical 
inactivity the pancreas is at rest because in this 
state there is not the demand for rapid storage 
and utilization of sugar that there is m active 
persons Consequently, there may ensue diabetic- 
hke leactions to dextrose tolerance tests even 
with normal fasting levels of blood sugar 

189 Bay State Road 
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The type of bi oncliopneumoiiia chaiactenzed 
by suppuration within the paienchyma has been 
known by various names We shall employ the 
term “suppurative bronchopneumonia,” ^ which 
has been used foi many 5'^eais at the Mount 
Sinai Hospital As evidence that pathologists 
have been long acquainted with the disease, 
Kaufmann’s statement ^ that “pyogenic organisms 
may lead to suppuration, pm ulent liquefaction 01 
abscess foimation m the lung” may be quoted 
It can also be assumed that clinicians know and 
recognize the disease Nevertheless, suppurative 
bi onchopneumonia under any name has been the 
subject of only few and fragmentary contiibu- 
tions ^ by pathologists and clinicians alike The 
subject, which has been under study by us foi 
many years, is presented at this time because 
the current literatuie, which deals so fully with 
other forms of pneumonia, omits reference to it 
The obvious possibilities in tieatment with peni- 
cillin would appear to make impeiative a moie 
general recognition of the features of the disease 
The pertinent literatuie on the subject is so 
scanty that a brief survey will suffice At the 
outset reference can be made to papers ^ which 
deal chiefly with the differentiation between 
aerobic and anaerobic (putrid) pulmcnaiy sup- 
puration There usually is omitted evidence to 

*Now Captain, Medical Corps, Aimy of the United 
States 

From the Medical and Surgical Services and the 
Laboratories of the Mount Sinai Hospital 

1 The disease is not given a distinctive listing in 
the Quaiterly Cumulative Index Medtcus There are 
two forms of suppurative pneumonia, due respectively to 
the Bacillus influenzae and Friedlaenders bacillus, which 
are listed but, as will be indicated, they will be omitted 
from consideration because of many different features 
which they possess 

2 Kaufmann, E Pathology for Students and 
Practitioners, translated by S P Reimann, Philadelphia, 
P Blakiston’s Son & Co , 1929, vol 1, p 400 

3 With the exception of the special variety of 
staphylococcic pneumonia, as will be noted 

4 (a) Eisendrath, D N Surgery of Pulmonary 

Abscess, Gangrene and Bronchiectasis Following Pneu- 
monia, Philadelphia M J 8 786, 1901 (h) Sauer- 

bruch, F Die Chirurgie der Brustorgane, ed 2, Berlin 
Julius Springer, 1920, vol 1, p 540 (c) Meyer, W 

Observations on Lung Suppuration and Its Treatment, 
Arch Surg 6 361 (Jan , pt 2) 1923 (d) ICline, B S , 

and Berger, S S Pulmonary Abscess and Pulmonarv 
Gangrene, Arch Int Med 56 753 (Oct ) 1935 


suggest any relationship to a pieexisting pneu- 
monia, which may have been taken for granted 
An mdiiect relationship to pulmonaiy suppuia- 
tion IS occasionally pointed out in instances of 
empyema in which bionchial fistulas are noted 
Thus Hedblom^ lefeiied to such empyemas as 
“piesumably derived fiom small superficial ab- 
scesses” of the lung 

A feature of the literature which should be 
singled out for special mention is the bacterio- 
logic aspect of bronchopneumonia Two types 
of pyogenic pulmonary suppuration, the influ- 
enzal and that due to Friedlaender’s bacillus, 
have been thoroughly studied Because of then 
distinctive characteristics, however, which are 
distinctly different fiom those which we shall 
desciibe, they will not leceive fuither considera- 
tion in this paper Staphylococcic suppuiative 
pneumonia has been the subject of a number of 
contributions, paiticularly m recent yeais, the 
leports dealing foi the most part with small 
gioups of cases The pediatiic liteiatuie has 
been particularly concerned with staphylococcic 
pneumonia (Kanof, Kramer and Carnes,® Cas- 
par,'^ Clements and W eens ® and othei s) Neuhof 
and Berck® have called attention to the fre- 
quency of staphylococcic empyema in infants and 
young children The impiession that suppura- 
tive pneumonia is rare is to be noted also m 
the literature on the sti eptococcic pneumonias 
Thus, Lawrence and Sutliff,^® m a review of 
cases of pneumonia m which hemolytic stiepto- 
cocci were found in the sputum, repoited but 2 
instances in which pulmonary suppuiation due 
to that organism was found at postmortem ex- 

5 Hedblom, C A Pulmonary Suppuration, M 
Rec 96 441, 1919 

6 Kanof, A , Kramer, B , and Carnes, M Staphy- 
lococcus Pneumonia, J Pediat 14 712, 1939 

7 Gaspar, I A A Study of Primary Staphrdo- 
coccic Pneumonias, New York State J Med 41 834, 
1941 

8 Clemens, H H , and Weens, H S Staphylo- 
coccic Pneumonia m Infants, J Pediat 20 281, 1942 

9 Neuhof, H , and Berck, AI Staphj lococcic 
Enip 3 'ema and Pyopneumothorax Pathogenesis, Path- 
ology, Symptoms and Treatment, Arch Surg 30 543 
(March) 1935 

10 Lawrence, E A , and Sutliff, W D Strepto- 
coccus Pneumonia, New York State T Med 40 1233, 
1940 
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ammation In a senes of 911 cases of pneu- 
monia described by Cecil and Lawrence only 
3 per cent were reported to be due to hemolytic 
streptococci and no mention was made of any 
special characteristics of the streptococcic group 
The rarity of pulmonary suppuration as a com- 
plication of bronchopneumonia was referred to 
by Senerchia and Livengood^^ m their report 
of 8 cases of pneumonia m which Streptococcus 
viridans was cultured from the sputum There 
are scattered references to the occurrence of 
suppurative pneumonia ascribed to pneumococci 

The pathologic features of suppuiative bron- 
chopneumonia are scarcely mentioned in text- 
books that devote considerable space to other 
bronchopneumonias However, two unusual 
types have been described aputrid necrosis, 
first reported by Kessel,^® and a form of extreme 
necrosis of the lung (necrotizing pneumonia) 
reported by French authors In the formei, 
pulmonary cavitation was discovered on routine 
roentgen examination — and such cavities were 
found to heal spontaneously within a short time 
— or was found as an incidental lesion at autopsy 
The microscopic study of autopsy material led 
to the belief that the lesion was of vascular origin, 
m the form of thrombosis m the pneumonic area 
followed by infarction and secondary necrosis 
The necrotic pneumonia of French authors has 
been reported as a rare lesion characterized 
by widespread destruction of pulmonary tissue 
Moolten described a fatal case and laid stress 
on the factor of necrosis 

From the foregoing paragraphs it can be said 
that while suppurative pneumonia under various 
names has long been known to exist the disease 
has not been the subject of more than a frag- 
mentary presentation Our survey of the patho- 
genesis, pathology, roentgen features, clinical 
manifestations and therapy is based on an anal- 
ysis of 120 well documented cases which have 
been studied at the Mount Smai Hospital over 
a period of more than ten years These cases 
do not comprise all the instances of suppurative 
pneumonia observed m that period Many cases 
of mild and of transient disease have been 

11 Cecil, R L, and Lawrence, E A Pneumonia 
in Private Practice, JAMA 111 1889 (Nov 19) 
1938 

12 Senerchia, F F, Ir, and Livengood, H R 
Streptococcus Vindans Pneumonia, New York State T 
Med 41 143, 1941 

13 Kessel, L The Clinical Aspect of Aputrid 
Pulmonary Necrosis, Arch Int Med 45 401 (March) 
1930 

14 Letulle, M, and Bezan^on, F La pneumonic 
dissequante necrotique, Ann de med 12 1, 1922 

15 Moolten, S E Pulmonary Infection and Necrosis 
in Diabetes Mellitus, Arch Int Med 66 561 (Sept) 
1940 


omitted because they were not adequately proved 
or documented and because we wished to con- 
centrate attention chiefly on the more distinctive 
cases 

Special attention will be devoted to the clinical 
forms of the disease because its many variations 
comprise its most interesting as well as its most 
distinctive feature Roentgenograms will be em- 
ployed to illustrate clinical forms as well as the 
evolution of the disease 

The 120 cases which comprise our series were 
all cases of suppurative pneumonia due to aerobic 
pyogenic organistns The anaerobic infections 
of the lung (putrid pulmonary abscess) have no 
place in this paper They comprise a separate 
and unrelated entity, and their inclusion, except 
for considerations of differential diagnosis, would 
serve no useful purpose There will also be 
excluded all forms of suppurative pneumonia or 
pulmonary suppuration which can be regarded 
as secondary, such as suppuration secondary to 
bronchial neoplasm, tuberculosis or bronchiec- 
tasis The pulmonary suppurative foci which 
occur m septicemia are of a different as well 
as a specific nature and will therefore not be 
considered The reason for excluding pneu- 
monias due to the Fnedlaender or influenza 
organisms has already been stated 

Clinical and roentgen features as well as data 
obtained at operation or at autopsy comprise the 
basis for study of the 120 cases Cultures of 
pus obtained under favorable conditions con- 
firmed the diagnosis in many instances It can 
be stated at once that a variety of aerobic organ- 
isms were cultured We shall show that little 
if any difference could be ascertained in the 
pathologic conditions or in the clinical course in 
1 elation to the causative organism 

INCIDENCE 

In contradistinction to the statements in the 
literature on the subject, our evidence is that 
suppurative bronchopneumonia is not rare We 
have stated that the 120 cases of our senes 
were gathered during a period of approximately 
ten years and that not a few cases of mild dis- 
ease and incompletely documented cases were 
omitted We now realize also that in the earlier 
years, before the features of suppurative pneu- 
monia were appreciated by us, a considerable 
number of cases were overlooked Thus suppu- 
rative bronchopneumonia should not be regarded 
as a rare disease 

There appears to be a seasonal incidence 
of suppurative bronchopnuemonia which corre- 
sponds generally to other varieties of pneumonia 
In our senes the number of cases reached a 
peak m the beginning of December and extended 
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through March It then tapered off to a low 
point in July, but cases were encountered 
throughout the year In scarcely any of the 
cases was theie a history suggesting epidemic 
features Emphasis should be placed on the fact 
that the disease occurs as a rule in previously 
healthy persons Thus many of the seveie 
and fatal cases weie encountered amongst such 
patients 

Cases of the disease appear to be about equally 
divided between the sexes It is seen in all age 
groups, with a disproportionate preponderance 


nety of suppurative pneumonia in infants® and 
the frequency of the pneumococcic variety in 
young children We assume that the disease is 
not uncommon as a terminal infection in old and 
debilitated or cachectic persons, but we can draw 
no conclusions from our limited experience with 
such cases 

PATHOGENESIS 

The evidence in our series of cases justifies 
only an assumption that the pathogenesis of 
suppurative bronchopneumonia is similai to that 



Fig 1 — Necrosis in an area of suppurative bronchopneumonia 


in childien One thud of the patients were 
childien under the age of 10 years (see the 


Age Distribution 


Age, Years 

Cases 

Under 1 

10 

1- 9 

30 

10 19 

10 

20 29 

18 

30 39 

IS 

40 49 

15 

SO 59 

9 

60 69 

11 

70 and over 

2 


table) The disproportion may be accounted for 
by the high incidence of the staphylococcic va- 


of other bronchopneumonias In a large per- 
centage of the cases there was a history of an 
infection of the upper respiratory tract which 
immediately preceded the onset of the pulmonary 
disease It will be pointed out shortly that 
the suppurative pneumonias involve broncho- 
pulmonary segments as in bronchopneumonia 
Thus a similar pathway of descending infection 
appears likely in suppurative bronchopneumonia 
We stated that the disease usually is encountered 
in previously healthy persons In a few cases 
the disease occurred m persons with diabetes, 
but there appeared to be no disproportionate in- 
crease in incidence, and the extent of the lesion 
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was not appieciably gieatei than that seen 
among normal persons 

GENERAL AND CLINICAL PAIHOLOGY 

As m many other conditions, autopsy is likely 
to reveal chiefly the most advanced stages of 
the disease, and theiefoie reliance on autopsy 
alone may lead to false impressions In oiu 
senes of cases considerable knowledge of the 
gloss pathologic changes was obtained at opera- 
tion (for pulmonaiy abscess and for the pleural 
complications of suppurative pneumonia) and 
will be discussed undei appiopriate captions 


purative process itself (fig 1) In several in- 
stances, there ivere, m addition, vascular lesions 
m the nature of acute nonspecific aiteritis and 
thrombosis (fig 2) These were apparently the 
result of intense infection and led to further 
necrosis and suppuration secondary to anemic 
infarction 

There were identified roentgenologically, at 
operation and at autopsy, instances in which the 
degree of destruction of pulmonary tissue was 
outstanding In some of these cases there were 
large cavities with limited surrounding inflam- 
matory and suppurative zones In others the 



Fig 2 — Suppurative bronchopneumonia with acute nonspecific arteritis and thrombosis 


The pathologic conditions as noted at autopsy 
will be briefly considered The lesions were often 
multiple Each consisted of a severe broncho- 
pneumonia with varying degrees of suppuiation 
and necrosis Single or multiple abscesses were 
usually present It should be noted that the 
lesion or lesions were of substantial proportions, 
each involving much or all of one or more 
bronchopulmonary segments Microscopic ex- 
amination revealed that neci osis, wdiich was 
almost mvaiiably present was due to the sup- 

16 Glass, A Bronchopulmonary Segments, Am J 
Roentgenol 31 328, 1934 


cavities contained small amounts of pus or 
necrotic tissue To this distinctive and not rare 
type in which the element of necrosis is spec- 
taculai one of us (H N ) has applied the term 
“necrosuppurative bronchopneumonia ” 

In view of the fact that suppurative broncho- 
pneumonia is a lesion which occupies a broncho- 
pulmonary segment,"® overlying pleuritis is of 
necessity a constant feature In most of the 
cases the pleuntis is severe Because the sup- 
purative pulmonary lesion often extends to the 
surface of the segment or perforates into the 
pleural space, suppurative pleuntis is of frequent 
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occurrence and is often found at autopsy The 
pleural complications will be discussed in a con- 
sideration of the surgical aspects of the disease 

Suppurative bronchopneumonia can be defined 
as an infection in which either complete recovery 
or death usually occurs in the acute stage Only 
infrequently does the lesion within the lung go 
on to a chronic phase with the formation of a 
chronic abscess or chronic interstitial pneumonia 
and bronchiectasis Some of the characteristics 
of persistent or spreading suppurative broncho- 
pneumonia which are of surgical interest because 
of complications will be subsequently discussed 
Pulmonary abscess and suppuiative pleuiitis will 
be taken up in a consideration of the surgical 
aspects of the disease 

It should be pointed out here that the patho- 
logic features of suppuiative bronchopneumonia 
set the disease apart fiom putrid pulmonaiy in- 
fections However, the two diseases appear to 
be confused at times according to the literature, 
and emphasis therefore should be placed on the 
differences which exist Putrid pulmonary in- 
fections are almost always localized to one pait 
of the lung, and thus are m striking contrast to 
suppurative pneumonia, which is often diffuse 
and situated m a number of segments For 
example, suppurative pneumonia which has gone 
on to a nonputnd pulmonaiy abscess may be 
encountered in one part of the lung at the same 
time as areas of suppurative pneumonia in other 
parts In other instances nonputnd pulmonary 
abscesses are present in several segments of one 
lung or in both lungs Another distinguishing 
feature of the pathology is the extent of the 
pneumonitis which surrounds an existing pul- 
monary abscess In the case of a putrid lesion 
the surrounding pneumonitis usually occupies a 
well defined and limited zone, whereas in sup- 
puiative pneumonia a collection of pus when 
piesent is often situated in the midst of an 
extensive pneumonic lesion Only in those ex- 
ceptional instances in which suppurative, pneu- 
monia goes on to typical abscess formation does 
the patholog}^ lesemble that of putrid pulmonary 
abscess It is therefore incorrect to say that all 
cases of abscess of the lung belong in the same 
categoiy and lequire the same tieatment, regard- 
less of whethei the sputum has a foul or a non- 
foul odoi and whether the infection is anaerobic 
or aerobic 

bacteriology 

The bactenologic examinations in our senes of 
cases were made from cultures of pus when pus 
was obtainable The most reliable source of pus 
was operation, under which circumstances there 
uas obviously the best chance for the disclosure 
of the causative organism Occasionally pus was 
obtained directly from the pulmonary lesion 


Our remarks concerning the bacteriology of sup- 
purative bronchopneumonia are based on cul- 
tures obtained from empyemas or fiom pul- 
monary abscesses and not from sputum Anaer- 
obic as well as aerobic cultures were taken In 
the great preponderance of cases a single pyo- 
genic organism was obtained in pure culture In 
no instance was an anaerobic organism cultured 
The organisms most frequently encountered in 
pure culture were Staphylococcus aureus, hemo- 
lytic streptococci and pneumococci (of various 
types) Of special interest is the isolation of 
Streptococcus vindans in pure culture in a num- 
ber of cases In view of the fact that this oi- 
ganism could not be regarded as a contaminant, 
its presence in pure culture warrants the assump- 
tion that it IS the causative organism in not a 
small proportion of cases of suppui ative broncho- 
pneumonia It can be added here that the clinical 
course of Str vindans infections was not appie- 
ciably different from that of suppuiative bron- 
chopneumonia due to othei aerobic oigamsms 

The reasons for our unwillingness to place 
reliance on cultures of sputum as a satisfactor}- 
means of determining the bacteriology of the 
pulmonary infection should be stated In some 
instances the same organism as that which ex- 
isted m the pulmonaiy or pleural lesion was 
found in the sputum Occasionally the same 
organism was obtained m puie culture In the 
preponderance of cases, however, cultuies of 
sputum levealed not only mixed organisms but 
oigamsms different from those obtained from the 
pus in the lung or pleura Furtheimore, cul- 
tures of sputum taken at diflfei ent times disclosed 
different organisms m some cases Because of 
these observations we believe that positive state- 
ments concerning the bacterial causation of sup- 
purative bronchopneumonia should not be made 
on the basis of cultures of the sputum 

ROENTGENOGRAPHIC FEATURES 

Theie appear to be no reports in the litera- 
ture conceining the roentgen featuies of sup- 
purative bronchopneumonia other than those 
fiom the Mount Sinai Hospital group Bizarre 
and surprising patterns in cases of pneumonia 
undoubtedly have been seen and variously in- 
terpreted by many, yet their relationship to sup- 
purative bronchopneumonia has not been noted 
A number of years ago one of us (H N ) came 
to realize that certain patterns were characteristic 
of the disease Distinctive and sequential films 
from man} cases were collected As a result 
of their study a single feature, the presence of 
one or more areas of rarefaction in the midst 
of pneumonic infiltration, was found to be roent- 
genologically pathognomonic We have called 
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attention to this featiue at various times In 
1938 we indicated its significance in relationship 
to suppurative bronchopneumonia and to aerobic 
pulmonary abscess^’’ Sussman^® m 1940 re- 
ferred to It in a consideration of the roentgen 
aspects of nonputrid pulmonary suppuration 
The proportion of cases of suppurative broncho- 
pneumonia in which characteristic areas of rare- 
faction will be revealed in roentgenogiams can- 
not be stated They aie common m oui senes, 
which consists however of specially selected 
cases As will be emphasized, they may also be 
revealed in laminagrams when not visible on 
ordinary roentgenogi ams 

In the absence of rarefaction theie is no one 
pathognomonic roentgenologic sign of suppura- 
tive bronchopneumonia Howevei, there aie a 
number of distinguishing features which aie en- 
countered so frequently that they can be regarded 
as characteristic of the disease Rabin has 
called attention to these features in his division 
of the roentgen manifestations of suppurative 
bronchopneumonia into six varieties ( 1 ) inter- 
stitial infiltrations about the bronchi, blood ves- 
sels and inteilobulai septums, (2) homogeneous 
densities, either single oi multiple, of lobulai, 
segmental or lobar distribution, (3) changes in- 
dicating the presence of focal, segmental oi lobai 
atelectasis or emphysema, (4) multiple areas of 
rarefaction indicating the piesence of a destiuc- 
tive process within the lung oi bionchi, (5) 
single abscess cavities of vaiying size, and 
(6) collections of fluid and air within the pleural 
cavity which may obscure the intiapulmonaiy 
changes It should be noted that these featmes 
may exist separately oi in various combinations 
Indeed, the possibilities of combinations eithei in 
the same pulmonary field oi in diffeient fields 
aie almost endless As has aheady been pointed 
out, spontaneous resolution and healing may 
occur m lesions in which, according to loent- 
genograms, there appears to be extensive de- 
struction of pulmonary paienchyma 

Concerning atelectasis in pneumonia, with oi 
without emphysema, bronchial obstiuction is 
generally assumed to be the sole cause As evi- 
dence m support of this view it can be said that 
atelectasis occurs more often in infants and young 
children, apparently because of an inability to 
expel tenacious bronchial exudate by coughing 
Without entering into a discussion of this debat- 

17 Neuhof, H , and Touroff, A S W Acute 
Aerobic (Nonputrid) Abscess of the Lungs, Surgerj 
4 728, 1938 

18 Sussman, M The Roentgen Aspects of Non- 
Putnd Pulmonary Suppuration, Am J Roentgenol 
44 345, 1940 

19 Rabin, C B Roentgen Features of Suppurative 
Bronchopneumonia, J Mt Sinai Hosp 8 32, 1941 


able subject, it can be pointed out that other 
causes for atelectasis have been postulated In 
any event one may say that atelectasis as such 
should be regarded as only an incidental feature 
of the pathologic changes of suppurative broncho- 
pneumonia 

Of special interest are the cases m wjiich roent- 
genograms reveal large, so-called balloon cavities 
Such thin-walled cavities may be found to persist 
in films after apparently complete subsidence of 
pulmonary infection A mechanical factor which 
seems to be chiefly responsible for these balloon 
cavities has been described by Moolten 
Whether the mechanism is a ball valve action in 
a bronchus, centrifugal traction on the lung or 
is differently conceived,^^ the important points to 
note aie that the lesion is not in the nature of 
extensive pulmonary destruction, that spontane- 
ous disappeaiance is likely to occur and that there 
are no indications for surgical (oi other) treat- 
ment The roentgen and clinical differentiation of 
balloon cavities from pulmonary abscess compli- 
cating suppurative bronchopneumonia offers no 
difficulties 

Sectional roentgenography (laminagraphy) has 
been leferred to m a foregoing paragraph as of 
value in revealing the existence of areas of rare- 
faction in the midst of apparently solid pneumonic 
infiltration There w^ere a few cases m this senes 
m wdnch the diagnosis of suppurative broncho- 
pneumonia remained m doubt after the usual 
films w'ere studied In every instance lamina- 
grams revealed the existence of areas of rarefac- 
tion We do not know'- that laminagraphy would 
invariably disclose aieas of rarefaction in cases 
of suppurative bronchopneumonia but ha^e 
gained the impression that cavitation would be 
seen in at least the preponderance of cases of the 
severe type Laminagraphy should therefore be 
employed when a definite diagnosis is required 
and the usual loentgenogiams do not reveal ^ 
areas of raiefaction in the midst of pneumonic 
infiltration 

SYMPTOMS AND PHYSICAL SIGNS 

Suppurative bronchopneumonia can be defined 
symptomatically as an acute infection which is 
often preceded by an infection of the upper res- 
piratory tract and which is characterized by 
fever, cough and the expectoration of purulent 
sputum Thoracic pain occurs eaily in the couise 

20 Moolten, S E Mechanical Production of Cavities 

m Isolated Lungs, Arch Path 19 825 (June) 1935 ^ 

21 Caffey, J Regional Obstructive Pulmonary 
Emphysema m Infants and m Children, Am J Dis 
Child 60 586 (Sept) 1940 
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of suppurative pneumonia and is sufficiently com- 
mon to be regarded as a feature of the disease It 
is of pleuritic character, usually sharp and local- 
ized, and occasionally so severe as to comprise the 
outstanding symptom The variations of these 
typical clinical features are numerous and will 
be discussed later m some detail Indeed, they 
must be known in order to recognize suppurative 
bronchopneumonia m all its protean forms 
Fever is usually moderate, at times on a high 
level, but may be irregular or even remittent 
Emphasis should be placed on the fact that it may 
be mild and out of proportion to the extent and 
the intensity of the pneumonic lesion as revealed 
m roentgenograms Indeed, there are instances 
m which the febrile course has largely subsided at 
a time when roentgenologic evidence of an 
extensive lesion still exists 

Except in infancy or early childhood expectora- 
tion of purulent sputum or of frank nonfetid pus 
occurs in almost all cases and should be regarded 
as the distinctive clinical feature of the disease 
The amount of purulent sputum usually is sub- 
stantial, a common daily lange being from 1 to 6 
ounces (30 to 180 cc ) oi even more When 
scanty it consists of small quantities of thick, 
tenacious purulent sputum Occasionally ex- 
pectoration of pus may be scanty or absent at 
the outset, to become pi of use later in the course 
of the disease Signs of toxemia are seen within 
the fiist week in severe infections, and prostra- 
tion often IS extreme under such circumstances 
When the disease is protracted, toxemia and ex- 
pectoration are usually extreme We wish to 
repeat, however, that the clinical course cannot 
be measuied by the extent of the pulmonary 
lesions as levealed in roentgenograms 

Befoie discussing physical signs it should be 
noted that dyspnea is not a unifoim featuie of 
suppurative bronchopneumonia, even m its most 
acute form Omitting a discussion of the factois 
which aie geneially responsible foi it, it should 
be pointed out that in suppurative broncho- 
pneumonia dyspnea is most commonly observed 
when pleural penetration or infection either is 
impending or has already taken place There are 
no distinctive physical signs of suppuiative 
bronchopneumonia The signs are similar to 
those of othei bronchopneumonic lesions They 
often are scanty in comparison to the extent of 
the lesion as revealed b}^ roentgenogram or at 
operation Ph 3 'sical signs of cavitation should 
not be expected even when cavities are of sub- 
stantial dimensions On the other hand, suppura- 
tive pleuritis generall)'’ pioduces charactenstic 
ph^^sical signs, particularl}^ on percussion Breath 
sounds become distant or absent in any gross 


form of pleural invasion (generalized effusion, 
pneumothorax or pyopneumothorax) 

Examination of the blood often reveals a 
moderate to severe leukocytosis, although a white 
cell count below 10,000 is not rare Anemia is 
present m protracted infections, which are usually 
accompanied by pronounced toxemia 

DIFFERENTIAL DIAGNOSIS 

Suppurative bronchopneumonia usually can be 
diagnosed readily on the basis of the clinical 
features alone A knowledge of the many clinical 
varieties of the disease is necessary for its recog- 
nition The roentgenographic features are char- 
acteristic in a substantial proportion of the 
cases In doubtful instances laminagraphy may 
reveal areas of rarefaction and thereby clarify 
the diagnosis Howevei, a protracted clinical 
course may raise the question of the existence of 
some other disease Thus, a course extending 
over several weeks may suggest pulmonary tubei - 
culosis or neoplasm Concerning the latter, 
bronchoscopy may piove to present positive 
evidence and should, therefore, not be omitted 
111 doubtful cases As to tuberculosis, it has been 
oui experience that if the sputum is frankly 
purulent the absence of tubercle bacilli on several 
examinations precludes its existence When the 
sputum IS scanty, the examination of spreads of 
pus obtained by bronchoscopy may be required in 
order to establish the presence or absence of 
tuberculosis In cases of shut-off putrid pul- 
monary abscess (which are exceptional) the 
sputum may be quite free from foul odor The 
diagnosis may not be established until (1) fetid 
sputum appears, (2) foul pus or odor is revealed 
by bronchoscopy or (3) a putrid empyema estab- 
lishes the diagnosis The problem of roentgen 
differentiation of suppurative bronchopneumonia 
from forms of viius pneumonia has arisen At 
first sight, mottled patches of bronchopneumonia 
Avith suggestive areas of rarefaction indicated 
the diagnosis of suppurative bronchopneumonia 
However, the absence of purulent sputum com- 
bined with severe prostration, the leukopenia and 
the subsequent resolution (according to roent- 
genograms) of the lesion without the develop- 
ment of cavitation excluded the diagnosis of 
suppurative pneumonia It is our belief that the 
simulation of cavitation on the roentgenogram 
IS due to the pattern made by mottled patches of 
bronchopneumonia Finally, mention should be 
made of unusual suppuratne pulmonary lesions, 
such as actinomycosis, which may at times simu- 
late suppurative bronchopneumonia so closely 
that the correct diagnosis can be established only 
after prolonged observation and study 
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CLINICAL VARIETIES 

The general description of the clinical mani- 
festations of suppurative bronchopneumonia has 
been given We wish to present here the clinical 
varieties which have been encountered Since 
unusual manifestations which are of frequent 
occurrence really characterize the disease, the 
descriptions of the clinical varieties will be fol- 
lowed in each instance by one or more illustrative 
cases A number of unusual or extreme exam- 
ples have been purposely chosen The 120 cases 
which comprise this series fall into four main 
groups but the classification is largely one of 
convenience and some measure of overlapping 


II Secondary suppurative bronchopneumonia 
A Postoperative 
B In cachexia 

C From other predisposing causes 

III Surgical forms 

A Pulmonary abscess 
E Empyema and pyopneumothorax 

1 With proved pulmonary focus 

2 Without proved pulmonary focus 

IV Complications of suppurative bronchopneumonia 

A General 

1 Cerebral 

2 Septic 
B Local 

1 Lattice lung 

2 Bronchiectasis 
2 Pericarditis 

4 Mediastinitis 



Fig 4 (case 2) — A, dense consolidation of the upper lobe of the right lung, with areas of rarefaction and 
fluid levels, B, eight weeks later, in process of resolution 


will be noted The complications are included in 
the classification because they comprise an im- 
portant aspect of the disease 

CLASSIFICATION 

I Basic forms 

A Localized suppuratne bronchopneumonia 
B Diffuse suppurative bronchopneumonia 


I A Localised Snppwative Bronchopneu- 

monia —This IS the most common form m which 
the disease is manifested The lesion occupies a 
more or less substantial portion of one or two , 
adjacent bronchopulmonaiy segments, and the 
clinical course usually lacks surgical or other 
complicating features In the following 3 illus- 
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trative cases the fiist was chosen as typical of 
the most benign foim, and the second was selected 
because it was chaiactenzed by a severe and 
toxic course The third is presented because 
there was a unique opportunity to observe the 
pathologic conditions of suppurative broncho- 
pneumonia 111 a patient who recovered 

Case 1 — C A , a 25 year old woman, had a three 
week history of cough, pain m the right side of the 
chest, low fever and expectoration of thick greenish 
sputum Roentgen examination showed infiltration in 
the axillary segment of the upper lobe of the right lung 
with a circular area of increased aeration , the second 
roentgenogram revealed a definite cavity with a small 
fluid level The course was benign , there was low grade 


should be placed on the fact that despite the pathologic 
alterations noted at operation healing occurred, with 
complete disappearance of all roentgen evidence of 
pulmonary infiltration 

I B Diffuse Suppw afive Bi onchopneunionia 
— This type is chaiactenzed clinically by a more 
severe or prolonged course Fatal cases are en- 
counteied m this group Clinically, the outstand- 
ing feature is profuse purulent expectoration in 
virtually all instances Roentgenologically, the 
lesion diffeis from the preceding by a more 
widespread invasion with ill defined limits There 
may be involvement of portions of the adjacent 
01 the more remote lung which occurs often 



Fig 5 (case 3) — A, preoperative roentgenogram, showing dense infiltration of right lung with small irregular, 
faint areas of increased aeration, B, two weeks later, in process of resolution 


fever for three days, and the temperature was normal 
thereafter Roentgenography showed -progressive clear- 
ing On follow-up examination the patient was entirely 
well, and the roentgenogram was normal 

Case 2 — F , a 49 year old man, had a 4 week 
history of fever and cough which was productn^e of 
purulent sputum A roentgenogram showed dense con- 
solidation within the upper lobe of the right lung There 
was a severe septic course for ten weeks, with local 
extension of pneumonitis and on the roentgenogram 
appearance of areas of rarefaction with fluid levels 
He raised profuse purulent sputum throughout the 
course Convalescence was gradual, with complete re- 
covery and a negative roentgenogram A bronchogram 
after recovery was negative 
Case 3 — G L , a 52 year old man with mild diabetes, 
was admitted to the hospital with a two week histor}"^ 
of dyspnea, fever and cough, with scanty expectoration 
Roentgen examination showed dense infiltration in the 
middle third of the right lung, with small irregular 
areas of increased aeration Physical signs suggested 
empyema, and aspiration revealed pus On the diagnosis 
of encapsulated empj ema, thoracotomj' was done There 
were well defined pleural adhesions sealing off the free 
pleural space The underlying lung was infiltrated, and 
wherevei traversed bv the aspirating needle small col- 
lections of pus were encountered There w'as no single 
large collection of pus to be drained, and the explora- 
tion of the lung W'as discontinued The clinical course 
apparently W'as uninfluenced by^ operation Emphasis 



Fig 6 (case 4) — Diffuse pneumonic infiltration of 
most of the right lung, with numerous areas of rarefac- 
tion and exudate in the right pleura 

enough to be regarded as distinctive Three 
illustrative cases will be presented A case of 
Its occurrence in a child, a case of its occurrence 
in an adult, and a fatal case 

C \SE 4 — L A. , a 4 year old boy , presented a history 
of cough and fever for eight days Diffuse pneumonic 



54 


ARCHIVES OF INTERNAL MEDICINE 


jnfiltration of most of the right lung with numerous 
small areas of rarefaction was found on roentgen ex- 
amination The clinical course was extraordinarily 
mild, with slight fever for several weeks and ex- 
pectoration of moderate quantities of purulent sputum 
Successive roentgenograms m the hospital revealed 
increase m tire areas of rarefaction, some with fluid 
levels, and an exudate m the right pleura Progressive 
absorption and finally disappearance of all areas of 
pneumonic infiltration and rarefaction occurred The 
final roentgenogram was normal FoIIow-up for several 
years showed that the boy was entirely well 

Case 5 — S L , a 37 year old man, presented a four 
week history of moderate fever, cough and expectora- 
tion of small amounts of purulent sputum A roent- 
genogram revealed infiltration in the midportions of 
both lungs, with a number of cavities, some with fluid 
levels Numerous examinations of sputum did not show 
acid-fast bacilli There was gradual improvement with 
normal temperature after three weeks The final roent- 
genogram was normal 

Case 6 — N T , a 45 year old man, entered the hos- 
pital with a six day history of fever, pain m the left 


logic features so closely resemble or are perhaps 
identical with those of the type under considera- 
tion Cases are frequently encountered and are 
well known in surgical services In our series of 
120 cases only 5 cases of severe postoperative 
suppurative bronchopneumonia aic included, 
making a disproportionately small number in re- 
lation to the whole One illustiatne case will 
be cited 

Case 7 — On B D , a 65 year old man, a subtotal 
gastrectomy for carcinoma of the stomach had been per- 
formed Onset of fever occurred twelve hours post- 
operatuely Moderate fever continued thereafter, with 
purulent sputum, dyspnea and cyanosis Death occurred 
on the ninth postoperative day At autopsy diffuse 
necrotizing suppurative bronchopneumonia, with several 
areas of subpleural abscess formation, and diffuse 
purulent bronchiolitis were found 

III A Pidmonaty Abscess — As has already 
been indicated, this lesion should be regarded as 



Fig 7 (case 5) — A, bilateral infiltration, with a number of cavities resembling tuberculosis , B, four weeks 
later, resolution 


side of the chest, cough, and expectoration of purulent 
sputum. On admission, there were signs of pneumonia 
over the upper lobe of the left lung There was a 
progressive downhill course with spread of the pneu- 
monia to the lower lobe of the left lung and the entire 
middle lobe of the right lung, development of cardiac 
irregularities and pericardial friction rub ending m 
death Autopsy revealed confluent suppurative broncho- 
pneumonia of the lower and upper lobes of the left 
and of the middle lobe of the right lung and acute 
serofibrinous pericarditis 

II A Postoperative (Secondary) SnppniaHve 
Bionchoptieumoma — Since we aie concerned 
with suppurative bronchopneumonia without ob- 
vious cause (“primary suppurative bronchopneu- 
monia,” for want of a better designation) cases 
of suppurative bronchopneumonia which occur 
postoperatively or m cachexia or which aie of 
other more or less obvious cause do not belong 
here, strictly speaking However, postoperative 
suppurative bronchopneumonia, in particular, 
warrants some consideration because the patho- 


an infrequent complication of suppurative or 
necrosuppurative bronchopneumonia It has been 
fully described elsewhere The frequent occur- 
rence of moie or less localized collections of pus 
m suppurative bronchopneumonia may be men- 
tioned However, it is only when a stage is 
reached m which collections of pus are no longer 
merely incidental to the surrounding suppurative 
bronchopneumonia that a pulmonary abscess can 
be said to exist In typical cases the abscess is 
solitary, of substantial proportions, situated 
superficial!)^ within the lung and overlain by ag- 
glutinating visceropanetal pleural adhesions It 
contains a vaiying amount of pus and presents 
the orifices of one or more bronchi A case will 
be presented which is of particular interest be- 
cause the complete evolution of the disease i'- 
visible m the roentgenogiams 

Case 8 — B R, a 54 year old man, was admitted to 
the hospital with an eight day history of fever and slight 
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cough A roentgenogram showed pneumonic segmental 
mfiltiation in the upper lobe of the left lung An 
irregular febrile course followed After several da 3 'S 
expectoration of purulent sputum began, and it latei 
became more profuse There was no response to 
chemotherapy* Successive roentgenograms showed de- 
^elopment of a fluid le^el m the lesion and progressive 
localization with abscess formation After five weeks 
in the hospital the abscess W'as diained through sealing 
off adhesions m one stage On culture of pus from the 
abscess Streptococcus intcrmcdius was isolated The 
postoperatne course was characterized by prompt sub- 
sidence of the fe\ er, cough and expectoration, and 
progressu e healing of the ca\ itj and w ound Follow-up 
examination showed the patient to be cntnely w’ell 
Roentgenographic examination revealed slight residual 
fibrosis, and a bionchogram was normal 


pleuial lesion In the case of anaerobic (putrid) 
infections of the lung, the tendency to localiza- 
tion of the pleuial infection is pronounced The 
causative lesion in the lung is a more or less ob- 
vious peifoiated ptilmonar}^ abscess Hence 
pyopneumothorax is the lule In cases of sup- 
puiative bronchopneumonia the tendency to 
localization often is slight, especiall}^ in children 
Thus, in not a feiv of the cases of its occurrence 
in childien the disease is characterized by a dif- 
fuse subtotal or e\ en total empyema The extent 
of the air component is unpredictable Thus, 
theie are instances in which the pyopneumo- 



Fig 8 (case 8) — A, pneumonic infiltration m the middle of the left pulmonary field, B, (lateral projection) 
beginning cavitation on the same date, C, one month later, just before operation, showing localization of the 
lesion wnth development of a pulmonary abscess 


III B Empyema and Pyopneumothorax — As 
a complication of suppurative bronchopneumonia 
of any variety pleural invasion may exist in the 
form of a localized or diffuse collection of pus, 
and the empyema may or may not contain air 
Indeed, there are cases of bilateral empyema in 
our series in which one side contained air and the 
other side did not, and cases of multiple empyema 
over one lung with the same differences Many 
factors lead to the varying characteristics of the 


thorax is obvious and extreme even in young 
children or infants, w^hereas in other cases little 
or no air is present 

The chief purpose of the foregoing discussion 
IS to stress an important fact which warrants 
general recognition In some cases in which the 
empyema at first contains no air according to 
roentgenograms reexamination later discloses the 
presence of a pyopneumothorax In other cases 
operation for airless empyema may disclose an 
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obviously ruptured abscess of the lung The 
reason for the absence of air under such circum- 
stances IS of interest We believe that the per- 
forated focus is compressed by the accumulation 
of fluid in the pleura and is thus incapable of 
supplying enough air from its communicating 
bronchus to be visualized m a film Thus we have 
seen instances m which at open operation for 
encapsulated, non-air-contaimng empyema there 
was the orifice of a perforated pulmonary abscess 
with a blowing bronchial fistula immediately fol- 
lowing the evacuation of pus It was evident that 
the latter permitted the bronchial communication 
to open up and that the compiession of the em- 
pyema previously prevented the escape of air In 
other cases it may be postulated that the pulmo- 
nary abscess cavity becomes collapsed (or even 
healed) by the mechanism of a perforation fol- 


Two illustrative cases will be piesented, 1 
of empyema with a proved perforated pulmonary 
focus and the other a case of pyopneumothorax 
without such a proved focus 

Case 9 — A M , a 53 year old man, entered the 
hospital with a three day history of severe broncho- 
pneumonia of the lower lobe of the right and of the 
left lung There was a stormy course for several 
weeks, with development of roentgen evidence of a 
light pleural effusion, followed by evidence of an 
encapsulated right paravertebral empyema Thoracotomy 
was performed and a localized empyema with a ruptured 
large pulmonary abscess and a bronchial fistula in the 
floor of the empyema cavity when pus was removed 
were found The opening of the pulmonary abscess 
was enlarged and the empyema drained m one stage 
Culture of pus yielded a pneumococcus of type IV 
Recovery was rapid and complete 

Case 10 — G, a 4 year old boy, had a ten day 
Iiistory of infection of the upper respiratory tract and 
fev'er Signs of pneumonia of the middle and lower 
lobes of the right lung were observed on admission 



Fig 9 (case 10) — A, diffuse pneumonic infiltration of the right lung after two weeks of hospitalization , B, 
six days later, pyopneumothorax 


lowed by the pressui e of intrapleural fluid and air 
Indeed, we have encountered more than one large 
pyopneumothorax m which at the time of opera- 
tion or subsequently the causative pulmonary 
focus was not demonstrated Lastly, it can be 
assumed that at the time of a minor operation 
(closed drainage) the evacuation of an empyema 
may release the pressure on a collapsed per- 
forated abscess and thereby open up a bronchial 
communication which did not exist theretofore 
Thus, we have seen instances in which closed 
drainage of an empyema was accompanied by 
under water escape of several ounces of pus 
without air, to be followed by the bubbling of 
large quantities of air The proof that an em- 
pyema was derived from a perforated pulmonary 
focus was lacking in only a small proportion of 
our cases In these instances there may be postu- 
lated a small, so-called cortical pulmonary ab- 
scess or seepage from the underlying inflamed 
lung, as in lobar pneumonia 


After three weeks in the hospital physical signs of a 
large pyopneumothorax became evident and were con- 
firmed by roentgen examination An emergency stab 
thoracotomy and under water drainage of pus and air, 
followed several days later by open thoracotomj' and 
drainage, was performed At operation no bronchial 
fistula or pulmonary abscess could be demonstrated 
Culture of pus revealed a pneumococcus of type I 
There was rapid recovery, and on follow-up the roent- 
genogram was normal 

IV A Genet cd Complications of Suppurative 
Bronchopneumonia — Of the general complica- 
tions, which are varied, we have selected two 
groups because of their gravity 

1 Cerebral Evidence of cerebral infection 
existed in a number of the cases of severe or 
fatal disease There were symptoms and signs 
of a cerebral abscess in 4 In all, the disease was 
fatal, and all terminated with suppurative menin- 
gitis The focal signs of involvement of the brain 
were not typical, and precise localization of the 
lesion was not possible In contrast to cerebral 
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abscesses of other origin, it may be said of this 
group that the cerebral lesion was invariably un- 
favorable for surgical drainage Only in 1 in- 
stance did the pulmonary lesion appear to be 
undergoing retrogression at the time of the onset 
of symptoms refeiable to the complicating cere- 
bral abscess The report of this case follows . 

Case 11 — S A , a 36 year old man, had been sub- 
jected to thyroidectomy for diffuse toxic goiter three 
weeks earlier at another hospital Operation w'as fol- 
lowed by cough and fever, and there were increase in 
fever and onset of pain in the lower left part of the 
chest on the day before his admission to this hospital 
Roentgen examination show'ed pneumonic infiltration of 
the lower lobe of the left lung, with abscess formation 
and emp>ema Operation consisted of thoracotomy and 
drainage of two perforated pulmonary abscesses wuth 
encapsulated empyema Culture of pus revealed Str 
A indans Postoperatn ely the pulmonary status im- 
proved gradually The onset of tetany was controlled 
bj specific therapy Signs of cerebral abscess w'ere 


the following case an unusual picture appears to 
conform with this concept 

Case 12 — C C, a 2 year old girl had a two week 
history of infection of the upper respiratory tract and 
fever She was admitted to the hospital acutely ill 
with high fever The roentgenogram showed a large 
pulmonary abscess with a fluid level in the lower lobe 
of the right lung Culture of blood yielded 60 colonies 
of Staph aureus per cubic centimeter of blood Opera- 
tion, performed on the day after admission, consisted 
of a one stage pneumonotomy and drainage of a large 
abscess of the lower lobe of the right lung, the ap- 
pearance of early lattice lung was noted Later drainage 
of many superficial abscesses due to Staph aureus was 
performed The residual pulmonary activity was closed 
with a fat graft Follow-up showed complete recovery 

IF B Local Complications of Suppurative 
Bi onchopneumoma — Local complications are 
those which occur within or adjacent to the lung 
during the time of the disease or after it has run 
its acute couise 




Fig 10 (case 12) — A, large pulmonary abscess of the lower lobe of the right lung on admission, B, follow-up 
roentgenogram after closure of the residual cavity with a fat graft (the patient completely well) 


observed one week postoperatively, and lumbar puncture 
provided evidence of purulent meningitis 

2 Septic It has already been pointed out that 
metastatic abscesses of the lung occur as part of 
the picture of septicemia In a sense these pul- 
monary foci may be regarded as foci of suppura- 
tive pneumonia However, as has been indicated, 
the clinical and focal features are different fiom 
those of the latter disease, and embolic pulmonary 
abscesses, which have not been included in this 
paper, should not be confused with multiple 
areas of suppurative bronchopneumonia 

Septic foci derived from suppurative broncho- 
pneumonia are rarely seen, although the suppu- 
rative focus in the lung can be logically regarded 
as a potential source of septic invasion of the 
blood stream The direct source can be visual- 
ized as a suppurative phlebitis or arteritis in the 
midst of an area of suppurative bronchopneu- 
monia (fig 2) Thus, multiple abscesses either 
m the pulmonary circuit or in the systemic system 
may be derived from such vascular sources In 


1 Lattice lung Lattice lung, generally re- 
garded as a sequel of bronchopneumonia, has 
been found by us to be present during the acute 
phase This fact not only is of importance clin- 
ically but is of interest to students of the disease 
because it establishes clearly the occasionally 
destructive nature of the lesion which warrants 
the term “necrosuppurative bronchopneumonia ” 
We have seen two or more bronchopulmonary 
segments occupied by lattice lung with its many 
bronchial openings as early as two or three weeks 
after the onset of the pulmonary infection At- 
tention should be directed to the disproportion 
which may exist at times between a laige area of 
lattice lung and the actual extent of destruction of 
pulmonary tissue Mechanical forces, especially 
eccentric traction, may play so great a role that 
a given area of lattice lung appeals to represent 
a much larger area of loss of pulmonary tissue 
than subsequently proves to be true Two cases 
will be presented in oidei to depict the acute 
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and the chronic phase of lattice lung and their 
management 

Case 13 — I H, an 11 month old boy, was admitted 
to the hospital with a history of five days of fever, 
cough and signs of pneumonia of the upper part of the 
right lung A roentgenogram after one week revealed 
a shadow m the right upper part of the chest with three 
fluid levels Thoracotomy was performed, and a large 
multiloculated perforated pulmonary abscess with ex- 
tensive destruction of the upper lobe of the right lung 
and lattice lung were found On culture of pus a 
pneumococcus of undetermined type was isolated Post- 
operatively there was progressive improvement, and 
the large residual pulmonary cavity was closed with a 
fat graft During the follow-up period of five years 
the wound healed, the boy became free of symptoms and 
roentgenograms have been normal 

Case 14 — R B, a 5 year old boy was admitted to 
the hospital with a history of pneumonia followed b> 


noted by bronchography a transient bronchiec- 
tasis as a complication of the acute phase The 
bronchographic demonstration of restitution to 
normal without any residue of bronchial dilata- 
tion IS of particular interest It is safe to say 
that bionchiectasis as a complication is much 
more common in infants and young children than 
m adults Of the illustrative cases of its occur- 
rence in young patients, 1 was chosen for its 
demonstration of the reversibility of bronchiec- 
tasis and the other because of the evolution of 
bronchiectasis in a mild form 

Case 15 — L S , a 16 jear old boy, had a three week 
history of fever and expectoration of thick odorless 
sputum Pneumonic infiltration of the lower lobes of 
both lungs and a suggestion of a fluid level m the lower 



Fig 11 (case 13) — A, extensive lesion of the upper 
lateral view, showing great extent of the lesion 

empyema one and one-half years before admission, 
treated by repeated aspirations of pus Roentgen exami- 
nation showed a right pyopneumothorax At operation 
the right lung was found collapsed, and there was a 
large excavation m the lower lobe with numerous blow- 
ing bronchial fistulas Culture of pus yielded a pneu- 
mococcus of type X Several operations were performed 
in the next three years, chiefly thoracoplasties Finally 
lobectomy, partly successful, was followed by fat graft 
for the closure of the remaining portion of lattice lung 
Since then the patient has been well, with a healed 
wound but severe scoliosis Recently the wound re- 
opened, with the appearance of a small bronchial fistula 

2 Bronchiectasis The subj ect of bronchiectasis 
as a complication or sequel of suppurative bron- 
chopneumonia IS a large one but will be only 
briefly considered There has been little oppor- 
tunity to observe the actual development of 
bronchiectasis in association with suppurative 
bronchopneumonia In some instances we have 


jt~ 



lobe of the right lung, with three large fluid levels, B, 


lobe of the riglit lung were observed on roentgen exami- 
nation Bronchoscopic examination showed pus in the 
bronchi of both lower lobes There was a gradual im- 
provement, the fever and expectoration subsiding after 
one week in the hospital A bronchogram after sub- 
sidence of the fever revealed dilatation of the bronchi 
of the lower lobe of the right lung, with abrupt ending 
of some third degree bronchi in globular dilatations 
On follow-up the patient was entirely well A broncho- 
gram after two months showed persistence of bronchial 
dilatations , one year later, the bronchogram was normal 

Case 16— C E , a 14 year old girl, had a three 
week history of fever, pain in the left side of the chest 
and mucoid expectoration The roentgenogram on 
admission showed pneumonia of the posterolateral 
portion of the lower lobe of the left lung and another, 
ten days later, showed atelectatic pneumonia of the 
same segment The fever subsided after a few days, 
and expectoration became profuse and purulent A 
bronchogram after four weeks showed bronchiectasis of 
the lower lobe of the left lung, with shrinkage of the 
lobe Pneumothorax therapy was followed by cessation 
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of cough and expectoration Pneumotlioi ax was dis- 
continued after one year The patient has been well 
since tlien, with normal roentgenogi ams aftei several 
years 

3 Peiicaiditis Siippmative pencaiditis is the 
thud local complication for consideiation and oc- 
cuis as a lesiilt of diiect extension from the ad- 
jacent aiea of suppuiative hi onchopneumonia 
Theoietically, theiefoie, this variety of suppuia- 
tive peiicaiditis should be legaided as amenable 
to suigical lehef, in contiast to suppuiative peii- 
caiditis of metastatic oiigiii Howevei, the in- 
fection within the peiicaidium is so insidious 
and in some respects so incidental to seveie sup- 
puiative hi onchopneumonia that the diagnosis is 
not often made, and when it is made, the lesion 
IS rarely amenable to surgical lehef It is found 
not inf 1 equcntly at autopsy In oiii series theie 
was 1 clinical case of suppurative peiicaiditis 



Fig 12 (case 14) — Chrome right pyopneumothorax 
with collapsed lung 

complicating bilateral suppuiative bronchopneu- 
monia and empyema Cure followed drainage of 
the pericardium 

4 Mediastinitis Suppuiative mediastinitis 
occurs occasionally as the lesult of diiect exten- 
sion from areas of suppuiation within the lung 
and pleura In our senes it was noted as an 
invasion of the posteiioi mediastinum in fatal 
cases and was apparently incidental and without 
clinical manifestations Suppurative mediastinal 
lymphadenitis was also noted occasionally at 
autopsy m cases of widespread suppuiative 
bi onchopneumonia 

IREATMENT 

Brief consideiation of the tieatment of sup- 
puiative bi onchopneumonia will suffice at this 
time because the disease is to be regarded as self 


limited, essentially unaffected by treatment and 
going on to lecovery, death or surgical compli- 
cations Theie has been ample opportunity to 
employ chemothei apy, including the newer 
sulfonamide drugs, m our series of cases, and 
the lesults have been disappointing Indeed, a 
lesponse to tieatment which could be regarded 
as definite oi decisive was seen so rarely that 
we aie in considerable doubt as to the advisability 
of employing chemotherapy At most its use foi 
only a few days appears wai ranted, to be dis- 
continued if the clinical and loentgen picture of 
continuing suppuiation in the lung is noted 

Concerning seuim therapy foi the pneumo- 
coccic variety of suppuiative hi onchopneumonia, 
definite lesuIts were not noted Thus, the state- 
ment made conceining the use of the sulfonamide 
diugs appeals to apply with at least equal force 
to seium therapy 

In contiast to the foregoing methods, sup- 
portive medical treatment has undoubtedly been 
of value m aiding in the lecoveiy of a substantial 
piopoition of the patients with severe suppuiative 
bi onchopneumonia Rest in bed, maintenance of 
nutiition, admlnistiation of oxygen and liberal 
tiansfusions of blood have been factors which 
appealed not only to aid m increasing lesistance 
but actually to facilitate recovery Persistence 
in vigorous supportive therapy is indicated, par- 
ticularly when the couise is protracted, because 
lecovenes which may not be anticipated will at 
times lesuIt 

PRINCIPLES OF SURGICAL MANAGEMENT OF 
PULMONARY AND OF PLEURAL 
COMPLICATIONS 

Although characterized by suppuration, the 
disease does not often requiie surgical interven- 
tion so far as suppuration within the lung is 
concerned Single oi multiple suppurative foci 
of even large size may undeigo spontaneous reces- 
sion by drainage via the bronchi By way of con- 
tiast, surgical mtei-vention is fiequently indicated 
for anaeiobic infections of the lung (putrid pul- 
monary abscess) accoidmg to the views which 
we have maintained In various parts of this 
paper the pathologic and the clinical and roent- 
genologic manifestations of suigical complica- 
tions of suppuiative bronchopneumonia have 
been described We wish to discuss here the 
principles of opeiative tieatment of the compli- 
cations 111 the lung and pleuia 

Pulmonaiy abscess can be termed an unusual 
complication Suppuiation within the parenchy- 

22 Neuhof, H , and Touroff, A S W Acute 
Putrid Abscess of the hung Principles of Operative 
Treatment, Surg , Gynec & Obst 63 3S3, 1936 
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ma IS, of course, part of the disease, and coales- 
cence of several adjacent purulent foci is un- 
doubtedly of common occurrence In a paper 
dealing with aerobic pulmonary abscess, we 
classified the pulmonary suppurative lesions of 
the type of pneumonia under discussion into three 
groups (1) pulmonary abscess in the midst of, 
and apparently an incidental part of, an extensive 
necrosuppurative bronchopneumonia, (2) pul- 
monary abscess as the prominent or predominat- 


may lead to spread of the infection Suppura- 
tion m the midst of pneumonic infiltration may 
eventually lead to typical abscess formation, but 
this evolution must be awaited for days or even 
weeks before one proceeds with operation The 
evolution of such an abscess and its management 
IS, illustrated by case 8 and its accompanying 
roentgenograms Roentgenograms are seen to 
provide the only guide to indicate the existence 
of a pulmonary abscess because the transition of 



Fig 13 (case 15) — A, infiltration of the lower lobe of the right lung, with suggestive areas of rarefaction, B, 
nine days later, bronchial dilatation and sacculation of bronchi of the lower lobe of the right lung, C, one year 
later, normal bronchogram 


ing lesion but surrounded by a considerable 
area of necrosuppurative bronchopneumonia , (3) 
typical pulmonary abscess with a more or less 
sharply limited and narrow surrounding zone 
of infected lung Our purpose in calling attention 
to this classification is to emphasize that surgical 
intervention is indicated only for the typical pul- 
monary abscess Operative treatment employed 
for the other varieties not only is of no value but 


symptoms from suppurative bronchopneumonia 
to abscess is too slight for clinical identification 
In a study of the films special search should be 
made for additional pneumonic areas m the same 
or in the opposite lung, because the knowledge 
of the existence of such areas may lead to with- 
holding operation even in cases of typical pul- 
monary abscess In any event, a knowledge of 
their existence is essential in the decision as to 
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opeiation and in interpretation in the event of 
an unsatisfactory postopeiative course 

The operative treatment of the pulmonary 
abscess must be based on precise roentgen locali- 
zation of the abscess If there is any doubt as to 
the site of contact of the abscess with the thoracic 
parietes the spot localization method of Rabin 
should be employed In the appiopnate section 
of this paper a pulmonary abscess was described 
as solitary, of substantial piopoitions, super- 
ficially situated within a pulmonaiy lobe and 
sealed off from the fiee pleura by viscei opai letal 
agglutinating adhesions Emphasis should be 
placed here on the necessity for travel sing these 
adhesions in the one stage opeiation which we 
advocate On the one hand, infection of the free 
pleura is a giave complication, on the other 
hand, the interference with coughing and expec- 
toration which goes with a two stage operation 
w-ll almost certainly lead to seiious spread of 
the infection w ithin- the lung But the most im- 
portant objection to a one stage operation is the 


problem exists We have discussed this prob- 
lem elsewhere as well as the technic of opera- 
tion for pulmonary abscesses in usual situations 
Whereas pulmonary abscess comprises a com- 
plication of suppurative bronchopneumonia which 
permits of deliberate study, pleural complica- 
tions require at times prompt surgical interven- 
tion Thus it can be mentioned that (chiefly in 
infants and young children) an abrupt pleural 
invasion by rupture of a pulmonary abscess into 
the free pleural space pioduces a situation in 
which immediate surgical intervention (closed 
diainage) may be imperative in order to save 
life The oigamsm most often encountered in 
such cases in infants and young children is 
Staph auieus Indeed, these staphylococcic 
pneumonias are generally legarded as highly 
fatal, yet not a few patients can be saved by 
piompt recognition of the pleural complication 
and equally prompt surgical intervention 

The possible sources of a suppurative pleuritis 
aie to be noted in the diagram which has been 


PERSISTENT OR SPREADING 
SUPPURATIVE BRONCHO PNEUMONIA 



LOCALIZ-tO PYOPNEUMOTMORAX OlFFOSE PYOWEUMOTHORAX 

Fig 14 — Surgical aspects of suppurative bronchopneumonia 


danger of infection of the pleuia, hence the 
necessity foi careful localization of the abscess 
followed by an exact one stage operation The 
principle of the operation should consist of the 
entry into the abscess through its most super- 
ficial portion, where the shell of lung is thin, 
compiessed and avascular, and the excision of 
the thin shell within the limits of pleural adhe- 
sions Expectoration of quantities of pus, which 
characterizes the preoperative course, should 
subside promptly after a satisfactory operation 
Reference should be made to the rare situation 
of an abscess facing a fissure, the diaphragm or 
the mediastinum In such circumstances the ab- 
scess, although always situated superficially m 
the pulmonary lobe, may excite only local ad- 
hesions Thus agglutinating visceroparietal ad- 
hesions may be absent, and a special surgical 

23 Rabin, C B Precise Localization of Pulmonary 
Abscess, The “Spot” Method, J Thoracic Surg 10 
662, 1941 


devised to indicate the surgical aspects of sup- 
purative bionchopneumonia (fig 14) The cap- 
tion “Persistent or Spreading Suppurative 
Bionchopneumonia” is employed to indicate that 
the surgical (particularly the pleural) complica- 
tions are derived usually from a peisistence of 
or spread from the original focus As can be 
seen from the diagram, suppurative pleuritis 
may be evolved directly by extension from the 
pulmonary focus or may be secondary to a seg- 
mental perforated acute abscess at the site of 
suppurative bronchopneumonia It may also be 
secondary to smaller solitary suppurative foci 
or to one of a series of multiple pulmonary ab- 
scesses In rare instances it is a complication of 
a subacute or a chronic pulmonary abscess In 
any event, the evolution of the pleural lesion may 
be gradual, resulting in a well localized empyema 
This slow evolution is characterized by relatively 
mild manifestations, by physical signs suggesting 


24 Footnotes 17 and 22 
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pleural fluid and loentgenologically by the evi- 
dence of a localized pleural effusion If the 
purulent effusion invades a region remote from 
the thoracic parietes, such as the paiavertebral, 
interlobar or infrapulmonary areas, the evolution 
of the empyema may be obscured by adjacent 
“sympathetic” effusions of serous character situ- 
ated in the parietes It should be emphasized, 
however, that such effusions may reveal pyogenic 
oigamsms on culture The localized collection 
of pus in the pleura may contain air or may be 
full of fluid In the former case the evidence of 
communication with the bronchus is, of course, 
clear The question of an -containing and non- 
air-containing empyemas was taken up in the 
section (III B) dealing with empyema and 
pyopneumothorax From the viewpoint of sur- 
gical therapy the important fact is that a per- 
forated puhnonai)' abscess often is the underlying 
cause, whether oi not the empyema contains air 
The operative treatment of encapsulated em- 
pyema IS thoiacotomy and drainage In the 
case of an empyema complicating suppuiative 
bronchopneumonia emphasis should be placed 
on the frequency vith which two or moie en- 
capsulations exist Thus, identification and mtei- 
relation must be determined before operation by 
a study of roentgenograms taken in various posi- 
tions The encapsulations are usually intercom- 
municating, at times via a narrow neck Occa- 
sionally, however, they are separate, m which 
circumstances they are derived from separate 
foci of suppurative bronchopneumonia In sev- 
eral cases in our series they were bilateial The 
basic principle of the operative treatment of 
encapsulated empyema is adequate drainage of 
eveiy collection of pus Ibis often implies drain- 
age to the site of the peif orated pulmonary focus 
At times the orifice of the latter must be en- 
larged for better diainage of the pulmonary 
abscess into the empyema space 

Concerning the principles of surgical treatment 
of diffuse empyema or pyopneumothorax, refer- 
ence has already been made to imperative closed 
drainage for effusions under tension, most fre- 
quently occurring in infants and young children 
There are two important facts to be emphasized 
first, that such effusions with or without air are 
common and can be fatal in a short time if not 
definitively released and, second, that they may 
occur abruptly and unexpectedly at an early 
stage (m time) of the pulmonary infection Of 
course recovery will not occur meiely because of 
timely and adequate treatment of such pleural 
effusions In some of our cases the suppurative 
disease m the lung proved to be too extensive 
(as ascertained by autopsy) for a significant re- 


sult to be anticipated However, appropriate 
suigical treatment should be instituted regardless 
of the known or the assumed seventy of the pul- 
monary lesion, for unexpected recoveries follow- 
lowing drainage have occuired in our cases 
In view of a conflicting literature we wish to 
place emphasis on our view that closed drainage 
is the only treatment for a rapid accumulation of 
pus and air oi of pus alone m the free pleural 
space m cases of suppurative bronchopneumonia 
It IS the safest if not the sole means of influencing 
definitely not only the displacement of the heart 
and mediastinum but the infection in the pleural 
space The clinical picture -with which one may 
be faced can be lestated The patient, usually an 
infant or child, acutely ill with the manifestations 
of bronchopneumonia, becomes more acutely ill, 
often with dramatic and ominous suddenness 
Cyanosis and dyspnea if already present become 
much more pionounced The pulse races and 
becomes smaller Tlie heart is shifted toward the 
opposite side, theie are the physical signs of 
fluid or of air and fluid, and m any event 
respii atory sounds are absent on the affected side 
If a loentgcnogiam is taken it will reveal a shift 
of the heart, usually more pronounced than antici- 
pated Thus, there rarely is any doubt as to the 
diagnosis To tempoiize with Potain aspiration 
on the assumption that the infection m the lung is 
too acute or the patient is too ill foi the extremely 
simple operation of closed drainage may remove 
the only chance for recovery We believe that 
the aiguments w'hich have been advanced else- 
rvheie-® m favor of closed drainage as against 
lepeated aspiration apply with particular force 
to the situation undei discussion 

Closed drainage may prove to be the sole pro- 
cedure lequued for the treatment of the pleural 
complication In most instances, however, open 
drainage, often cairied to the site of a perforated 
pulmonaiy focus, will be required aftei the acute 
manifestations have subsided and the general 
condition is satisfactory Occasionally pulmonary 
cavitation -with its bronchial fistulas will persist 
after thoiacotomy if the destructive lesion was 
extensive This creates a special problem which 
w^e have usually solved by the simple expedient 
of fiee grafting of fat The latter procedure has 
also been employed in the acute stage m those 
lare instances in which dangerously large quanti- 
ties of air escaping in the closed drainage system 
jeopardize the life of the patient 

25 Neuliof, H, and Hirschfeld, S Suppurative 
Pleuntis m Children Its Pathogenesis, Diagnosis and 
Treatment, Am J Dis Child 44 973 (Nov ) 1932 

26 Neuhof, H Free Transplantation of Fat for 
Bronchopulmonary Cavity, Ann Surg 113 153, 1941 
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PROGNOSIS 

111 the discussion of incidence we pointed out 
that the group of 120 cases on which this lepoit 
IS based was exceptional in the sense that it com- 
piises onty adequately proved and well docu- 
mented cases and m large part of sevei e disease 
Thus, the moilahty of 24 2 pei cent (29 deaths) 
in this senes is unquestionably much too high 
for the disease as a whole, as is to be noted in 
the following brief statement concerning the 
causes of death m the 29 cases Four occuired 
among cachectic persons or after major opera- 
tions , 111 5 instances death took place within a 
few da}s of the patient’s admission to the hos- 
pital, in 4 fatal cases there was evidence of 
metastatic cerebial abscess In most of the sur- 
gical cases, death was refeiable to the persistence 
or the spread of the disease within the lung 

In the section dealing i\ith surgical aspects of 
suppurative bronchopneumonia we dealt with 
the subject of aerobic pulmonary abscess m 
vbich the diflerentialion was made from more 
or less localized suppuration m the midst of 
suppuiative bronchopneumonia Operation has 
been performed erroneously on the lattei lesion 
with unsatisfactoi y or even fatal sequelae On 
the other hand emphasis should be placed on the 
excellent results of drainage operations for tiue 
pulmonary abscess With precise roentgen locali- 
zation a one stage operation performed through 
substantial pleural adhesions has lesulted in cure 
m all the cases (15) m this series 

SUMMARY AND CONCLUSIONS 

Suppurative bronchopneumonia, a descriptive 
teim for an acute infection of the lung which has 
been long known under various names, is not 
rare and yet it is the subject of only a fiag- 
mentary literature A systematic piesentation of 
the subject has been attempted on the basis of a 
study of 120 well documented cases The effort 
to include only proved cases resulted m a collec- 
tion which contains a dispropoitionately high per- 
centage of cases of severe forms of the disease 

The seasonal incidence of suppurative broncho- 
pneumonia corresponds apparently with that of 
other forms of bronchopneumonia As a rule the 
disease occurs in otherwise healthy persons It 
apparently has a higher incidence m children than 
m adults 

Since the disease presents the features of an 
infection of the uppei lespiratory tract descend- 
ing into bronchopulmonaiy segments, the patho- 
genesis of suppurative bronchopneumonia appears 


to be identical with that of nonsuppurative as- 
piration bronchopneumonia 

The pathologic features consist of a severe 
bronchopneumonia involving one, several or 
many portions of the lung oi lungs Substantial 
portions of bronchopulmonary segments are in- 
volved Spiead from primary areas appears to 
be chiefly by the mechanism of spillover Varying 
degrees of suppuration and necrosis occur within 
the affected segments of lung, usuall}’- with the 
formation of single or multiple foci of liquefaction 
within areas of bronchopneumonia Necrosis is 
at times outstanding and spectacular The term 
“iieciosuppuiative bronchopneumonia” appears 
appiopnate under such circumstances The 
microscopic feature of suppurative broncho- 
pneumonia IS a combination of suppuration and 
necrosis in vaiying degree In addition there is 
seen at times a nonspecific arteritis with throm- 
bosis 

Suppurative pleuiitis is a common complica- 
tion It may be circumsciibed or diffuse, an 
enip 3 'ema or a pyopneumothorax 

A true pulmonary abscess, a substantial col- 
lection of pus surrounded by a limited zone of 
pneumonitis, is an infrequent complication as 
compared with suppuiation m the midst of a 
pneumonic area A tiue abscess is situated supei- 
ficially within a pulmonaiy lobe with ovei lying 
agglutinating visceiopaiietal adhesions Ad- 
hesions are local and may not be visceropanetal 
when an abscess occupies one of the specified lare 
sites 

There is no distinctive bactenologic agent for 
suppurative bronchopneumonia One or more of 
the aeiobic pyogenic organisms, most commonly 
Staph auieus, hemolytic streptococci and pneu- 
mococci, are encountered A pure culture of a 
single oigamsm is the lule Str viridans is en- 
counteied as the sole oigamsm m a substantial 
pioportion of the cases There appear to be no 
distinctive features of suppurative bronchopneu- 
monia which can be related to the infecting or- 
ganism, although It should be noted that the 
staphylococcic variety occurs characteristically in 
infants and young children The only reliable 
cultures are those of material obtained by aspira- 
tion through the thorax oi at opeiation Cultures 
of sputum have pioved to be unreliable m deter- 
mining the causative organism 

The roentgen features are extremely varied 
and often bizarre The six mam types which are 
set forth may exist singly or in various combina- 
tions One 01 more areas of larefaction in the 
midst of pneumonic infiltration comprise the 
characteristic feature This roentgen evidence of 
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suppurative bronchopneumonia, which can be 
regarded as pathognomonic, is not seen m all 
cases It may be revealed by laminagrams when 
not visible in ordinary films 

The essential symptoms are initial thoracic 
pain which is at times severe, cough, expectora- 
tion of substantial quantities of purulent sputum 
(in adults) and fever The physical signs are 
not distinctive 

The clinical forms of suppuiative bronchopneu- 
monia are varied, and a knowledge of the varia- 
tions IS required m order to recognize the disease 
m one of the protean forms m which it is mani- 
fested The forms are somewhat arbitrarily 
classified under four headings basic, secondary, 
surgical and general and local complications 

When suppurative bronchopneumonia pursues 
a prolonged course differentiation must be made 
from other causes of pulmonary suppuration, 
notably tuberculosis, neoplasm, fungous infec- 
tion and even putrid pulmonary abscess 


Suppurative bronchopneumonia, including the 
necrosuppurative variety, is a self-limited disease 
which IS not materially influenced by any of the 
currently employed sulfonamide compounds or 
by serum therapy (in the group of cases due to 
pneumococci) The treatment is primarily sup- 
portive and when vigorously pursued may greatiy 
facilitate recovery 

Surgical complications within the thorax are 
common, comprise an important aspect of the 
disease and will be recognized promptly if the 
suppurative nature of tlie disease is kept in mmd 
Pulmonary abscess is an unusual complication 
A one stage operation was followed by recovery 
in all cases 

The mortality in the reported senes of 120 
cases was high because of the inclusion of a dis- 
proportionately high percentage of cases of severe 
forms of the disease The mortality of suppura- 
tive bronchopneumonia is due in large part to 
intrathoracic complications 
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The time has not yet come when one can 
thoioughly discuss the psychiatric problems of 
World War II, but the subject is so important 
that a piehminary review is worth while The 
data are accumulating all too rapidly and many 
papers have been written, but most of the more 
important observations are in publications still 
“restricted” by the mihtaiy authoiities The 
American papers available deal largely with in- 
duction centers, tiaining camps and morale In- 
tel estmg as these may be, they do not attack the 
crux of the situation, the acute neivous bieak- 
down of the soldier in combat The English 
literature has more papers about the acute 
psychiatric disorders of battle The survivors 
from Dunkirk piovided a rich materiaU and 
since then the aviators - , but even these papers 
do not provide answers to the fundamental ques- 
tions, which will be available only when more 
facts are accumulated and a more mature tolei- 
ance smoothes out the polemic tendency of some 
writers to support one or another of the 
“schools” of psychiatric thought 

A paper by Grinkei and Spiegel ^ has been 
released in Solomons and Yakovlev’s “Manual 
of Military Neuropsychiatry,” which gives one 
the most up-to-date picture of psychiatric treat- 
ment in the zone of combat There is also a 
short paper by Grinker in The Jownal of the 
Ainet lean Medical Association ^ The picture is 
vivid and terrible, a gross caricature of the reac- 
tions seen in civil life As one would expect, 
the fear reactions are the commonest Among 
many variations, three types of severe anxiety 
states may be picked out There is that of the 
patient who is brought into the hospital shaking 
and looking terrified, his pulse is rapid and his 
blood pressure high, he sweats, has wide pal- 
pebral fissures and dilated pupils Theie are 

1 Sargant, W W , and Slater, E Acute War 
Neuroses, Lancet 2 1, 1940 

2 Murray, J Psychiatric Aspects of Aviation 
Medicine, Psychiatry 7 1, 1944 

3 Grinker, R R , and Spiegel, J P Management 
of Neuropsychiatric Casualties in the Zone of Combat, 
in Solomon, H, and Yakovlev, P I Manual of Mili- 
tary Psychiatry, Philadelphia, W B Saunders Com- 
pany, 1944, chap 35 

4 Grinker, R R Treatment of War Neuroses, 
J A M A 126 142 (Sept 16) 1944 


coarse tremors, and speech is often a pathetic 
stutter Startle reaction is marked, and attacks 
of laughing and crying, or of dashing about, may 
occur Another clinical picture is that of somatic 
disintegration, in which the patient’s condition 
may simulate Parkinson’s syndrome or catatonic 
dementia precox because of the peculiar postures 
and motor disturbances The face may be mask- 
like and the limbs rigid and tremulous while the 
patient stands semifixed, sometimes with the 
hands below the knees , the gait may show pro- 
pulsion He may drool saliva, hold food for a 
long time in his mouth and have only gurgles 
and giggles foi language The behavior is 
childish and feaiful and seems to represent a 
1 egression from adult integration 

A third type of severe anxiety state, less dra- 
matic but more common, is stupor, in which the 
patient lies in bed staring vacantly Many pa- 
tients recover rapidly without treatment, passing 
thiough a stage of mutism to stammering speech 
and then fairly normal behavior with gaps in the 
memoiy When a patient tries to overcome the 
amnesia, headache, dizziness and symptoms of 
anxiety may appear 

Milder anxiety states are more common than 
these three and are more like what one has seen 
m civilian life, with tremor, weakness, palpita- 
tion and fuguehke states in which the patients 
may wander away and be lost They are tense 
and restless and sleep badly, often experiencing 
terror in battle dreams After a few days they 
become quieter and then may insist that they can 
go back to their units, but a sudden noise will 
precipitate their symptoms all over again 

The cases of visceral expression of anxiety are 
abundant Gasti ointestmal symptoms predomi- 
nate, such as anorexia, pain, belching and diar- 
rhea Enuresis is common The “effort syn- 
diome” (“soldier’s heart”), so common in the 
last war, has been seen infrequently by these 
authors Hysteria with conversion symptoms is 
rare The patients observed have had the usual 
monoplegias, hemiplegias, pains and anesthesias, 
along with the typical indifference to their symp- 
toms that sometimes caused medical officers to 
diagnose them as malingerers 
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Treatment of the patients suffering from these 
disorders depends, first of all, on good diagnosis 
Inexperienced officers have frequently mistaken 
the more severe reactions for schizophrenia and 
looked on them as hopeless Early recognition 
and sorting out are essential The patients must 
be divided into (1) those to be kept in the for- 
ward zones and returned to combat and (2) those 
that must go back to the general hospital If 
exhaustion, hunger and thirst are important fac- 
tors, quick sedation and rest with waimth, com- 
fort and food will do much Add to this encoui- 
agement and making much of the ideal of get- 
ting back to one’s unit, and many of the patients 
are able to return to the front in a few days 
When the anxiety is more seveie the patient will 
not respond to this simple treament and will have 
to go to the leai for exploratory therapy The 
stor)^ of how sedative drugs may be used to make 
accessible repressed memories is one of the most 
interesting chapters m the medical histoiy of this 
war Of course it is not new, Lindemann 
wiote about it in 1930, and others since then have 
tried out the method in civil practice and found 
It only moderately useful Various drugs have 
been employed and especially useful have been 
sodium amytal, sodium pentobarbital, sodium 
evipal, pentothal sodium and hyoscme hydio- 
bromide The one most used just now is pento- 
thal (sodium ethyl- [1 methylbutyl]-thiobarbitu- 
ate) The method is variously known as “nai- 
cosynthesis,” “narcoanalysis” and “hypnonarco- 
analysis ” The description of the treatment as 
given by Grinkei and Spiegel is so good that I 
quote 

The patient is isolated in a semidarkened room and 
IS told that he is going to receive an injection which 
will make him sleepy The diug is then injected in the 
antecubital vein at a slow rate (01 gm per minute) 
while the patient is asked to count backwards from 
the number 100 Shortly after the counting becomes 
confused and before actual sleep is produced, the in- 
jection IS discontinued If the patient is mute or stu- 
porous and, therefore, cannot count, a corresponding 
depth of narcosis must be estimated from the tonus of 
the eyelids and the pupillary reflexes In rare instances 
the injection is difficult because of violent tremor of the 
arm In almost every case there is some increase in the 
symptoms of anxiety as the injection is initiated As it 
proceeds, however, the tremors disappear, and the pa- 
tient becomes quiet 

The patient is told in a matter-of-fact manner 
that he is on the battlefield, in the front lines Depend- 
ing upon the amount of known history, specific details 
are added corresponding to the actual situation at the 
time of the trauma The amount of such stimula- 

tion which IS necessary to start the patient talking vanes 
tremendously Some react with the first few words and 
launch into a vivid account of the action Others resist 


5 Lindemann, E Psychopathological Effect of 
Sodium Amytal, Proc Soc Exper Biol & Med 28 
864, 1931 


for varying periods, and when such resistance is main- 
tained, tlie stimulation is made more dramatic and 
realistic The therapist plays thp role of a fellow 
soldier, calling out to the patient, in an alarmed voice, 
to duck as the shells come over, or asking him to help 
with a wounded comrade Persistence is rewarded in 
almost every case by an account of the scene in pro- 
gress 

It is impossible to describe the varied reactions dur- 
ing a pentothal narcosynthesis Some patients act out 
the traumatic parts of the battle scene If this is 
their reaction, they are allowed to get out of bed and 
to wander about the room looking for a slit trench, 
a lost friend, the Command Post, or whatever the piece 
of action in hand calls for Some live through the 
scene verbally and emotionally without the production of 
much motor activity They talk to unseen buddies, 
wince at unheard explosions, bury their heads under 
the pillow when the shells come close and flatten them- 
selves out on the bed as if they were in the bottom of 
their foxliole 

It is electrifying to watch tlie terror exhibited in the 
moments of supreme danger such as at the imminent 
explosion of shells, the death of a friend before the 
patient’s eyes, or the absence of cover under a hea\'j 
dive-bombing attack The body becomes increasingly 
tense and rigid, the eyes widen, and the pupils dilate, 
while the skin becomes covered with perspiration The 
hands move about convulsively, seeking a weapon, or a 
friend to share the danger Breathing becomes incredi- 
bly rapid and shallow The intensity of the emotion 
sometimes becomes more than the patient can bear and 
frequently at the height of the reaction, there is a 
collapse and the patient falls back in bed and remains 
quiet for a few minutes usually to lesume the story 
at a more neutral point 

Other patients m whom there has been 
amnesia without much overt anxiety become suddenly 
blocked m the account of their experience as they 
approach the moment of trauma As the anxiety begins 
to appear m anticipation of the traumatic scene, they' 
cease talking and resume their characteristic defenses, 
they don't know what happened next At this point 
the tlierapist applies pressure, demanding and forcing 
the patient to proceed More than one session of nar- 
cosynthesis mav be necessary' to uncover the trauma 
During the time that the patient is thus wrestling with 
his traumatic experiences, the therapist plays an active 
or passive role m the performance to the degree re- 
quired by the situation No attempt is made to pro- 
duce a hypnotic situation The therapist remains as a 
vague background figure from which vantage point he 
can step into other roles as it becomes necessary Some 
patients, especially those with only mild anxiety, good 
personality, and good contact with reality, are aware 
of the Medical Officer's presence throughout tlie treat- 
ment They realize that they are telling the story to 
him and rely upon him only for emotion In a severe 
case, however, in which there is much “living through” 
of the experience in the present tense, the patient is 
actually plunged m the battle situation Here the 
Medical Officer is called upon to play a variety of roles 
When the patient becomes convulsed with the violence 
of the terror, he must step in as a protective and sup- 
porting figure, comforting and reassuring the patient, 
and encouraging him to proceed 

When the initial problem is one of overcoming a 
somatic symptom such as mutism, deafness, or paralysis, 
the therapist may be required to adopt an authoritative 
role and command the patient to talk, to hear, or to move 
his limbs Such direct interference is not always neces- 
sary As the anxiety related to the traumatic situation 
emerges the symptom disappears spontaneously A 
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patient with a severe conversion symptom, undei pen- 
tothal may begin to talk about his experiences in a 
calm, detached manner, but as he progresses, increas- 
ing quantities of anxiety are liberated The somatic 
symptom disappears as the appropriate emotional 
reactions are liberated 

After this active therapy is finished psycho- 
therapy by interview is kept up until the patient 
IS fit for return to limited duty Few of the 
patients who are sent back to general hospitals 
ever return to tlieir units and the front lines 

Although I admire this paper by Grmker and 
Spiegel, so much that I review it at length and 
quote from it extensively, I do not agree with 
all the statements and implications They state 
emphatically and without reservation that 
new OSes ate caused by war, any one, no matter 
how strong or stable, may develop a wai neuiosis 
under proper circumstances ” This assertion is 
apparently made in older to rid the ps3'chiatiists 
of the subversive idea that war neurosis may be 
a breakdown based on “constitution or previous 
or latent neurosis ” If they believed this they 
would “have a pessimistic theiapeutic attitude,” 
and “the quicker psychiatrists lehnquish this 
idea the sooner they will achieve therapeutic 
success ” On the same page the authoi s say that 
“the psychoneurotics crack up under mild battle 
stimuli ” 

Other writers on war neurosis do not agree 
with Gnnker and Spiegel , for example, Sargant ° 
says that the war has forced on him the recog- 
nition of the constitutional nature of much war 
neurosis, and Hendei son and Mooi e believe 
that war neurosis was “made in America” and 
predetermined before the man entered the ser- 
vice I believe that some constitutional weakness 
and some tendency to neurosis are almost uni- 
versal It IS a matter of degree and type of weak- 
ness that detennmes whether a man can stand 
much or little battle stiess Of course, it is de- 
sirable to get rid of the haimful, moiahzmg atti- 
tude that men who break with psychoneui otic 
symptoms are “weaklings ” Gnnker and Spiegel 
are probably right m saying that the terrois of 
modern war may break the best of us I merely 
insist that the “best of us” have constitutional 
inadequacies and neurotic possibilities, and that 
recognizing this fact need not make the physician 
pessimistic about success in therapy 

This brings up the fact that there is no good 
and acceptable definition of “neurosis” — for the 
simple reason that no one knows what neurosis 

6 Sargant, W Physical Treatments of Acute 
Psychiatric States m War, War Med 4 577 (Dec ) 
1,943 

7 Henderson, J L , and Moore, M Psycho- 
neuroses of War, New England J Med 230 273, 1944 


is Gnnker and Spiegel take war neurosis “in 
simple terms” to be “the effect of an interaction 
between the dynamic forces of anxiety and the 
protective devices of the ego ” Translated into 
American, this means to me merely that a man 
uses the sum total of his personality to combat 
fear, and if he fails, he breaks As for what 
neurosis actually is, one must at present take a 
descriptive point of view, because the cause is 
unknown Freud,® who made such a great con- 
tribution to the undei standing of the psychogenic 
factois m neuiosis, believed that behind the 
psychologic disorders were humoral and consti- 
tutional tioubles which would eventually be un- 
derstood and lead to medical therapy Other 
authoi s accent the constitutional weaknesses of 
the neuiotics,® and some of Freud’s followers 
insist that neurosis is entirely psychogenic I 
believe that all one can now say about classifica- 
tion IS that neurotic patients are those who suffer 
fiom a variety of symptoms which largely group 
themselves into syndromes well known as 
“nervousness,” “anxiet)’- attacks,” “phychoso- 
matic leactions,” “reactive depression,” “hys- 
teria,” “obsessive and compulsive reactigns” and 
“hypochondriasis ” The new war experience 
adds to this list the reactions that have been 
desci ibed here, most of which if seen in civil life 
one would call “psychotic” until one was sur- 
prised by the favorable outcome In fact, the 
division of mental disordeis into “neurotic” and 
“psychotic” IS arbitiary and fallacious 

Some headway has been made in understand- 
ing the psychogenic factois in the different neu- 
roses Freud pointed out A'-aiious “defense 
mechanisms” used by neurotic patients and to 
some extent made his diagnosis on the basis of 
what soit of “mechanism” the patient employed 
Unfoi tunately he did not make a new nomen- 
clature for the neuroses to fit the psychologic 
oiigin, but used old teims in a new way, always 
a confusing piocedure Neveitheless, some psy- 
chologic reactions seem to be somewhat typical 
of different types of neurosis , for example, the 
simple expedient of foi getting in the typical 
hysterical amnesia, the guilt feelings so common 
in reactive depression and the preoccupation with 
rituals to ward off anxiety in the compulsive 
neurotics Until there is more knowledge about 
heiedity and the psychologic and physiologic 

8 Freud, S Gesammelte Schnften, Vienna, Inter- 
nat Psychoanalyt-Verlag, 1928, vol 11, p 362 

9 S 3 'monds, C P Anxiety Neurosis in Com- 
batants, Lancet 2 785, 1943 Debenham, G , Hill, D , 
Sargant, W W, and Slater, E Treatment of War 
Neurosis, ibid 1 107, 1941 

10 Cobb, S Borderline of Psychiatrj'^, Cambridge, 
Mass , Harvard University Press, 1943 
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mechanism involved in "neurosis,” little progress 
can be made m classification and prevention 
Therapy can still go ahead along psychologic 
lines because psychotherapy has empirically 
proved itself of value 

EXPERIMENTAL NEUROSIS 

There is hope of increased progress in the un- 
derstanding of the neuroses because of experi- 
mental work on animals tliat seems to throw 
some light on the physiology and psychology of 
these conditions The first step, that of producing 
m animals a disorder analogous to that seen in 
man, was accomplished by Pavlov twenty years 
ago, but did not reach the attention of physicians 
until Liddell began publishing his pioneering 
work on “experimental neurosis” in 1927 Lid- 
dell and his colleagues have earned on this re- 
search up to the present time, and a summarizing 
paper in Hunt’s “Personality and the Behavior 
Disorders” (chapter 12) brings the subject up 
to date Not only has L’ddell corroborated and 
expanded Pavlov’s observations, but he has 
shown that some of the concepts were wrong In 
the first place, Pavlov was a physiologist who 
was trying to study one set of functions in the 
dog m a scientific and impersonal way Pie dis- 
liked psychology and felt that an exact science 
must avoid such multiple variables and loose 
concepts as the psychologists used Thus he be- 
lieved that his dogs in the dark and sound-proof 
room, where they stood in harness on a table and 
reacted to carefully graded stimuli, day after day, 
were giving him examples of reflex action cut off 
from all extraneous stimulation by the environ- 
ment It has been one of Liddell’s contiibutions 
to show that “Pavlov’s classical method of the 
conditioned reflex was not an impersonal obser- 
vational procedure, but a traumatizing proced- 
ure ” The very restriction of environment by 
taking the animal into an enclosure in a small 
room, the lack of noise, the loneliness, the 
standardization of procedure and the monotony 
all affected the animals by limiting their freedom 
and changing their habits Not only did their 
reactions become abnormal while responding to 
laboratory procedure, but their whole way of life 
m the barnyard Liddell has case histones of 
sheep trained to the laboratory for periods of 
five to fourteen years Goats and pigs were also 
used, the latter being the most resistent to the 
narrowed environment But all could be trained 
with time and patience to stand willingly in the 
Pavlov frame and wait for the stimuli and re- 

11 Liddell, H S Conditioned Reflex Method and 
Experimental Neurosis, m Hunt, is chap 12 


warding food The difficult differentiations given 
to the animals after they were well trained were 
no doubt the final precipitants of the “neurotic” 
reactions, but they were the “last straw” and not 
the sole cause as Pavlov thought Liddell says 

The situation, as we now view it, appears as follows 
Domestication itself imposes upon the animal restrictions 
and pressures, a hierarchy of them, beginning with the 
simple physical restraints imposed by the fenced-in area 
within which the animal lives It must be recognized 
that Its food IS not sought after but is supplied at stated 
times It IS forced to associate with other animals of 
its own species and of other species Crises involving 
self-defense, reproduction, and food arise from time to 
time Then again, the animal assumes a submissive 
relation to the attendant and experimenter From this 
account it can be seen that the perplexing problems 
which face the animal m the conditioned reflex labora- 
tory represent restraints and pressures situated at the 
apex of a pyramid Progressive restriction of liberty 
and correlative increase in pressures (similar to those ex- 
erted by society on the human individual) extend from 
the wild state, through domestication, to the too refined 
training of the laboratory ^ 

As training progresses tlie animal's behavior becomes 
more predictable and impulsiveness gives place to skill 
That IS to say, the animal comes to stand quietly m 
the Pavlov frame and, at the signal intimating the 
coming shock to the forehmb, it no longer struggles 
to escape Instead, it makes a deliberate postural ad- 
justment preparatory to executing a precise senes of 
flexion movements with the member to which the shock 
IS about to be applied 

The daily period of self-imposed restraint to which 
the animal is subjected m the conditioning laboratorj, 
together with its relinquishment of initiative and spon- 
taneity within the testing period, we now believe, lays 
the foundation for the pathological outcome of long- 
continued training Yet this self-imposed restraint is 
not of itself sufficient to lead to disturbed behavior 

Sheep and goats subjected to a conditioning 
regimen that caused them to flex a limb periodi- 
cally m response to a buzzer noise, after many 
lepetitions would delay the response and prepare 
the postuie of the limb for it, and eventually 
theie would develop a stiffening and motor in- 
capacity of the limb that might last for years 
The resemblance to human hysteria is obvious 

Gantt has recently published a monograph 
on the “origin and development of artificially 
produced disturbances of behavioi m dogs ” He 
brings out many of the points discussed by Lid- 
dell, but his dogs were less confined in the 
experimental situation and the relationship be- 
tween dog and experimenter was obviously 
important, even more so than in the experi- 
ments of Liddell in which he also appreci- 
ated the importance of the “rappoit” between 
animal and experimenter 

Gantt’s monograph begins by showing that the 
method of conditional reflexes is a sound one and 
brings psychobiology to a high level of scientific 

12 Gantt, W H Experimental Basis for Neurotic 
Behavior, New York, Paul B Hoeber, Inc , 1944 
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accurac}' at which experimental data may be ex- 
pressed in mathematical foimulas He shows 
clearl}’-, however, that when one deals with the 
highei cerebral functions, such as conditioning, 
generalization concerning responses made as if 
they applied to all higher mammals or even to 
one species are fallacious The problem becomes 
individual, each animal lesponds differently at 
these higher levels, because each animal differs 
in hereditary makeup and life experience 

Disturbances in behavior that resemble human 
"neurosis” can be brought about in animals by 
natural emotional shocks, such as parturition m 
female dogs, a male dog’s being near a female in 
estius, fighting and threats to life, as in the fa- 
mous case in which Pavlov’s laboraloiy was 
flooded and the dogs neaily drowned The 
monogiaph, however, centeis on the acute dis- 
turbances artificially pioduced by the condition- 
ing experiment The general tiainmg situation 
IS recognized by Gantt as abnormal and leading 
to "neurotic” reactions, but specific experimental 
procedures are especially discussed, such as the 
simultaneous excitation of the unconditioned re- 
flexes or the making of a more and more difficult 
differentiation between two conditioned stimuli 
For example, a dog is taught to differentiate be- 
tween a metronome at the rate of 60 and anothei 
at the rate of 144 , one means to him "food” and 
the other “no food ” If these signals are given 
at seven minute intervals he reacts normally and 
appropriately, but if they are given too close to- 
gether the dog makes mistakes, does not salivate 
regularly and then has spells of dyspnea and 
finally falls asleep on the stand The dog, 
"Nicic,” is the most interesting of the subjects 
described by Gnatt This animal was trained 
and precipitated into "neurotic” behavior by 
causing him to attempt to differentiate between a 
pair of musical tones 

Nick was a mongrel male born about 1929 or 1930, 
weight about 12 kg He was introduced into the labora- 
tory in early 1931 and kept in the paddocks with the 
other dogs For about a year before any work was 
done on him he was brought into the experimental room 
for casual observation Nothing was noted then that 
impressed one as remarkable, in fact, he was selected 
with Fritz and Peter for laboratory work, as being, 
according to general appearances, normal He seemed 
to be lively and playful, perhaps even more companion- 
able and easy to make friends with than other new 
dogs 

No careful and detailed examination was made on 
him prior to experimentation, but it is significant that 
casuallj and by the means of ordinary observation he 
appeared normal, as shown by selection for experiments 
requiring a normal animal The contrast between the 
results of casual observation and the subjection to 
the rigidly controlled and delicate measurements in the 
routine of the laboratory deserves emphasis li ts only 
by the latte} method that we can detect the individual 
which zmll show a bieakdown under sttess The early 


symptoms seen in the laboratory situation which gave 
us a clue to the constitutional instability were m Nick 
(1) refusing to eat, (2) the absence of inhibition of the 
conditional reflex when the differentiation became hard, 
the slight conditional reflex at first, and the easy setting 
in of inhibition, (3) the lack of differentiation, (4) the 
striking increase of muscular activity and restlessness 

It IS remarkable in Nick not only that the nervous 
symptoms have continued for ten years without repeat- 
ing the original conflict but that the spread to the 
urinary and sexual systems did not occur till after 
1935, several years after the conflict That they were 
related to the conflict is shown by their appearance 
only in the experimental environment and other rela- 
tionships to the original stimuli, as will be discussed 

Nick became excited and restless when the en- 
vironment of the expel imental i oom, or any pat t 
of it, was brought to his attention The expeii- 
menters were an important element, and he 
Ignored and gave cold treatment to Gantt even 
when he had a long rest on the experimentei ’s 
farm Other symptoms were motor tensions, 
vocalizations, palpitations, dyspnea and anorexia 
with refusal of food that was in any way reminis- 
cent of the experimental loom Most interest- 
ing of all, however, were the sexual leflexes that 
developed slowly and lasted foi yeai s Erections 
and even ejaculation would occur when Nick 
was brought into the experimental room When 
he was tested by local application of electrical 
stimulation to the genitalia it was found that his 
time of beginning of erection was slightly de- 
creased, the time of duration of erection was 
greatly reduced and the latent period of ejacula- 
tion was shortened In other words, the disturb- 
ing situation in the laboratory gave Nick a 
syndrome resembling human ejaculatio praecox 

For more details the monograph of Gantt and 
the papers of Liddell must be consulted The 
items here picked out for discussion clearly indi- 
cate that a good beginning has been made in the 
experimental approach to neurosis Of especial 
interest (in relation to the discussion under 
"Neuroses and the War” about the constitutional 
factor in neurosis) is the agreement of Pavlov, 
Liddell and Gantt on the importance of the "pre- 
morbid personality” of the animal, his lability or 
stability, which according to Gantt can be tested 
only by special methods and should not be left 
to general clinical impression as to whethei an 
animal is "nervous” or not 

PERSONALITY 

The war, with its need for evaluation of men, 
has led to a great increase in studies of person- 
ality Leaders must be chosen, men must be 
picked for aviation, for military government and 
for a hundred other jobs This has now brought 
forth a host of methods and theories, bad and 
good The publication of a two volume hand- 
book on “Personality and the Behavioi Dis- 
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orders” this year has given a sound basis 
from which students of “personology” may start 
The book was put together and edited by Pio- 
fessor Hunt, of Brown Univeisity In volume I 
there are thirty-five chapters by different authors, 
taking up theoretic approaches to peisonahty, 
methods of assessing personality, expeiimental 
behavior disorders, hypnotism, heredity and 
other biologic determinants of peisonahty In 
the next volume peisonahty is taken up in i ela- 
tion to infancy and childhood expeiience, ado- 
lescence and culture The main types of be- 
havior disorder aie described by different 
psychiatrists, and special methods are discussed 
The articles are remarkably sound and readable, 
giving historical summaries and new points of 
view There is enough difference of opinion to 
add spice and show that much is not yet settled 
For the physician this is a book with many hours 
of profitable and enjoyable reading 

NEUROLOGY 

The war has also affected adveisely the pio- 
duction of neuiologic papers Many of the 
journals in this specialty are much smaller than 
they previously weie, and some of them have 
ceased publication altogethei The papeis are 
shorter, and, although many of them are of im- 
mediate interest m relation to the war, there is 
less serious and consecutive work to be reported 
Of course, a great deal of research is going on in 
the armed forces and for the war effort, but this 
IS largely restricted and cannot be published and 
reviewed at present 

METABOLISM OF THE BRAIN 

In looking through the recent neurologic 
literature, it is obvious that there has been an 
increase in interest in the subject of cerebral 
metabolism, especially the use of oxygen by the 
brain This has been stimulated in the first 
place by the work on insulin shock therapy and 
in the second by the needs of aviation medicine, 
in which states of anoxia or hypoxia are common 
Rossen, Rabat and Andeison’-^ have reported 
new methods for observing the effect of occlusion 
of the carotid arteries to cause sudden and tem- 
porary cerebral anoxia They made a cuff that 
fitted around the neck which could be inflated to 
a pressure of 600 mm of mercury within one 
eighth of a second They examined both normal 
subjects and schizophrenic patients and showed 
that loss of consciousness in young men appeared 

13 Hunt, J M Personality and the Behavior Dis- 
orders, New York, The Ronald Press Co, 1944 

14 Rossen, R , Kabat, H , and Anderson, J P 
Acute Arrest of Cerebral Circulation in Man Arch 
Neurol & Psychiat 50 510 (Nov ) 1943 


six and eight-tenths seconds aftei the occlusion 
of the ciiculation This coincided with the 
appearance of slow waves in the electroencephalo- 
giam Formei experimenters had believed that 
unconsciousness did not occui as rapidly as that 
and had given such figuies as eleven and twenty- 
one seconds Guidjian, Stone and Webster 
studied the effects of vaiying degrees of hypoxia 
on the metabolism of the biain It is well known 
that lactic acid and the decomposition of phos- 
phocreatine occur when there is oxygen depriva- 
tion in the biain These authors designed experi- 
ments to find the ciitical oxygen levels at which 
these changes appear Dogs were exposed to 
bieathing mixtures low m oxygen for periods of 
fifteen to sixty minutes At the level of 11 to 13 
per cent of oxygen in inspired air, the lactic acid 
in the brain increased This occurred when the 
oxygen satin ation in the arterial blood was be- 
tween 55 and 65 per cent and that of the venous 
blood was between 28 and 43 per cent Decom- 
position of phosphocreatme began when the 
oxygen level in the inspired air reached 7 per 
cent If the animal was allowed to rebreathe air, 
resynthesis was complete in about five minutes 
Joseph Wortis studied cerebral oxidation by 
means of the Barcroft-Waiburg manometer 
The material was minced whole brain tissue of 
adult white lats He was able to show that the 
uptake of oxygen had a sharp rise for the first 
SIX hours, with a flattening off thereafter If a 
small amount of serum was added to the im- 
mersion fluid, the oxidation continued at a prac- 
tically constant rate for the duration of the 
experiment and did not flatten off at six hours 
This might mean that there is m blood seium 
some essential factor of the oxidative enzyme 
S3''stem 

Chesler and Hiniwich have studied the gly- 
cogen content of the brain and found that each 
part of the central nervous system possesses a 
characteristic concentration ot glycogen These 
values were shown to be i datively constant In 
their most recent paper they report trying the 
effect of insulin hypoglycemia on the glycogen 
content of parts of the central nervous system of 
the dog It was observed that the decrease in 
glycogen began in the corpora quadngemina, 
followed by the cortex, thalamus, cerebrum and 
medulla, in that older 

15 Gurdjian, E S , Stone, W E , and Webster, 

J E Cerebral Metabolism in Hypoxia, Arch Neurol 
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16 Wortis, J Effect of Serum on Survival Time 
of Brain Tissue and Revival of Cerebral Oxidation, 
Arch Neurol & Psychiat 51 176 (Feb ) 1944 

17 Chesler, A, and Himwich, H E Effect of 
Insulin Hypoglycemia on Glycogen Content of Parts 
of the Central Nervous System of the Dog, Arch 
Neurol & Ps^chlat 52 114 (Aug) 1944 


COBB—REVIEW OF NEUROPSYCHIATRY FOR 1944 


71 


These papeis aie indications of the interest in 
brain metabolism and of the advances that are 
being made in that line To bung this work 
into relationship with the histopathology of the 
brain, one has only to tuin to the recent experi- 
ments of Hurst He gave daily sublethal doses 
of potassium cyanide to animals and found that 
after lai ge doses microscopic sections of the hi am 
showed aieas of coitical neciosis With smaller 
doses given ovei a longei peiiod, there would be 
patches of necrosis m the white mattei and loss 
of myelin With the smallest doses, given over 
periods of foui months or more, there were 
massive aieas of demyehnation reminding one of 
the lesions of Schilder’s diffuse sclerosis These 
lesions seem to be of the same age everywhere, 
and because cyanide is known not to accumulate 
in the tissues, one must conclude that the effect is 

18 Hurst, E W Experimental Demyehnation of 
the Central Nervous System, Australian J Exper Biol 
& M Sc 18 201, 1940 

19 Hurst, E W Experimental Demyehnation of 
the Central Nervous System, Australian J Exper Biol 
& M Sc 20 297, 1942 


due not to an accumulative toxin but to repeated 
attacks of histotoxic anoxia Somewhat similar 
lesions had been caused some years before by 
Feiraro^° Hurst’s work elaborated on the 
earlier experiments and succeeded in producing 
lesions with a number of histotoxins Besides 
the potassium cyanide, he used sodium azide, 
hydroxylamine, ethylcarbanate (urethane) and 
pentobarbital sodium It was his belief that 
these drugs inhibited one or another of the 
various enzyme systems and that the lesions 
came from the resulting lack of oxygen 

The common demyehnatmg diseases, espe- 
cially the noninfectious encephahtides, multiple 
sclerosis and Schildei’s disease, aie all of un- 
known cause These advances m the undei stand- 
ing of cerebral metabolism and of the effect of 
inhibiting oxygen uptake may eventually lead to 
a better understanding of the origin of these ob- 
scure conditions 


20 Ferraro, A Experimental Toxic Encephalo- 
myelopathy. Psychiatric Quart 7 267, 1933, Experi- 
mental Toxic Encephalomyelopathy, Arch Neurol & 
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News and Comment 


PENICILLIN AND WARFARE 

Supplement to the July 1944 Issue o£ the British 
Journal ot Surgery 

A supplement to the July 1944 issue of the British 
Journal of Surgery presents a sjmposium on Penicillin 
in Warfare, including reports of clinical experiences of 
a preliminary nature in tlie treatment of recent war 
wounds in the field with penicillin It contains a fore- 
word by Major General L T Poole on the successful 
employment of penicillin in the most forward surgical 
units as a prophylactic against wound sepsis General 
Poole says that in some instances a long interval must 
elapse before definitive surgical procedures can be under- 
taken and that penicillin can be used to bridge this gap 
and delay, modify or even prevent the development of 
sepsis 

Florey and Jennings point out that the substance is 
the most powerful antibacterial agent which has been 
brought into clinical use and that it will completely 
inhibit the growth of the most sensitive organisms, such 
as gonococci and staphylococci, when diluted at least 
1 500,000,000 

Lieutenant Colonel Jeffrey discusses the specific action 
of penicillin against the common bacterial invaders of 
war wounds (staphylococci and clostndia in the early 
stages and streptococci in the later stages) and expresses 
the opinion that it is the most effective and least harm- 
ful agent yet discovered The drug has three main 
spheres in war surgery (1) to prevent early infection 
of a wound, (2) to control infection in the first two 
weeks — ^this is the sphere in which the greatest value 
can be expected from penicillin — and (3) to combat 
sepsis in the later stages 

Lieutenant Colonel Bentley reports on a series of 200 
consecutive casualties with flesh wounds treated by early 
secondary suture with local application of penicillin 
and states that primary healing was obtained in 190 
(95 per cent) 


Lieutenant Colonel Brown reports much the same 
results He feels that the results are so good and the 
period of morbidity so lessened that all soft tissue 
wounds, however small, should be sutured with the aid 
of penicillin He warns, however, that pemcillin has 
in no way replaced and can never be a substitute for 
thorough primary surgical treatment. 

Furlong and Clark state that penicillm failed to con- 
trol sepsis fully and did not diminish the incidence of 
chronic infection in open fractures of the femur They 
therefore stress that penicillin is not a substitute for 
surgical intervention and that the greatest care and 
attention must be given to surgical technic and to funda- 
mental surgical principles 

Jeffrey believes that penicillin has a definite place 
alongside surgery and antiserum in the treatment of 
gas gangrene 

D’Abreu and his associates have been particularly 
impressed with the capacity of the pleural cavity to 
retain instilled sodium penicillin for as long as three 
days They recommend that in the forward areas the 
attempt to prevent infection of hemothoraxes should 
consist in thorough aspiration combined with instilla- 
tions of penicillin, which they feel would offer the best 
hope of preventing the present high rate of hemothorax 
infections seen in the theater of war 

Major Robinson, of the United States Army, reports 
on 1,000 patients with sulfonamide-resistant gonorrhea 
treated with penicillin, 94 7 per cent of whom were free 
of gonorrhea after one course of treatment of 100,000 
units given intramuscularly in 10,000 unit doses every 
hour or in 20,000 unit doses every three hours The 
remaining patients required a second course of peni- 
cillin, varying from 100,000 to 150,000 units 

Wise and Pillsbury, of the United States Army, con- 
firm in general the report of Mahoney and his associates 
on the rapid spirocheticidal effect of penicillin in human 
beings, the prompt regression of early lesions and the 
absence of significant reaction to treatment 
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Infectious Anemias Due to Bartonella and Related 
Red Cell Parasites David Weinman In Trans- 
actions of the American Philosophical Society, 1944’ 
New Senes, Volume 33, Part III Price, $1 25 
Pp 108 Philadelphia American Philosophical 
Society, 1944 

Human bartonellosis, although confined today to areas 
within Peru, Colombia and Ecuador, is a disease of 
great clinical and epidemiologic interest It is unique 
in that hitherto it has not spread from these Andean 
regions, a feature which doubtless depends on its low 
infectivity and the irtiportance of the insect vector, a 
species of phlebotomus f?y, in transmission to man 
Weinman’s monograph offers in detailed and authonta- 
tne fashion what is known of this interesting malady 
The two manifestations of human bartonellosis, namelj’-, 
a severe febrile anemia and a benign eruption, are sep- 
aratelj presented in their \aried forms and complica- 
tions !Much IS still obscure in the epidemiology of the 
disease There is no doubt that all naturally contracted 
infections are convej ed bj' the sandfly , direct contagion 
IS rare, although Carrion, at the cost of his life, proved 
that direct inoculation of infectious material is successful 
and, as earh as 1SS5, showed that the infectious agents 
of ^erruga peruana and Oroja fever are the same 
Hemobartonella and animal bartonellosis are presented 
in the second chapter Infectious anemias of animals 
caused by micro-organisms parasitizing the erythrocytes 
seem to be fairly common , thej comprise three genuses 
Grahamella, Eperj throzoon and Hemobartonella With 
the possible exception of Eperythrozoon, none of them 
affects man, however, they are interesting in that they 
belong, with Bartonella, in that relatively small class 
of infectious agents that grow in or on red cells 
Weinman describes, in the third chapter, the species 
of Eperythrozoon and the diseases they cause in animals 
These pathogens affect mice and other rodents, and 
sheep and cattle Splenectomy precipitates violent in- 
fections Organic arsenicals rapidly sterilize infections 
with Eper 3 ^hrozoon and Hemobartonella, but they have 
no effect on infections caused by Grahamella and little 
or none on bartonellosis of man 
The public health aspects of human bartonellosis are 
discussed in the last chapter Severe epidemics with a 
^ bigh mortality rate have been observed , in one instance 
4 per cent of the population died from the disease in 
one year The disease is especially violent among new- 
comers to endemic areas and in new populations in 
nonendemic zones Prior infections seem to confer some 
ifcgree of resistance to an individual , however, persons 
who have recovered may act as earners for months or 
perhaps years Public health measures must prevent 
contact between sandflies and man Since these insects 
are night biters, these measures may include (a) leav- 
ing the endemic region at nightfall, (b) use of bed nets 
and (c) construction of fly-proof buildings The best 
measure of all is the removal of the entire population 
from the infected areas Economic considerations and 
me habits of the people will make these measures hard 
to apply 

This publication is recommended to all who are in- 
Crested in the infectious anemias of man and animals 
Jt contains much information originally recorded m 
oreign journals , more important, however, is that this 


and much other infoimation have been carefully 
assembled and presented in an orderly and systematic 
fashion 

Clinical Tropical Medicine By twenty-seven authors 
and edited by Z Taylor Bercovitz, M D Price, 
$14 Pp XVII + 957, with 121 illustrations and 
20 plates New York Paul B Hoeber, Inc, 1944 

This volume, written with good editorial cohesion by 
a group of experts, covers the field of tropical medicine 
in an altogether satisfactory manner It is comprised 
of eleven sections, which seem to divide the broad sub- 
ject of the book m a logical way Thus diseases char- 
acterized by diarrhea or caused by protozoa, spirochetes 
or nckettsias or of any other known cause are grouped 
together And since the book is designed for the clini- 
cian, all the diseases described are considered m the 
uniform style that a clinician likes, first with a historical 
note and then with succeeding paiagraphs on etiology, 
epidemiology, pathology, symptomatology, diagnosis, 
prognosis, treatment and prevention At the end of 
each chapter is a short bibliography 

All the authors are well known and are thoroughly 
familiar with the subjects allotted to them The editor 
has managed to make the text read as if it were 
written by a single person The illustrations, on the 
whole, are clear and help materially m elucidating the 
appearance of lesions or parasites which will be no 
more than names to many readers 
Dr Wilbur Sawyer, of the International Health 
Division of the Rockefeller Foundation, has written a 
foreword He points out that most American physi- 
cians and medical students have until now felt no urge 
to familiarize themselves with exotic and tropical dis- 
eases War, however, has suddenly brought a departure 
from this medical isolationism There is now a press- 
ing demand for authoritative and practical instruction 
in the treatment and prevention of diseases of the 
warm countries 

This book, therefore, well put together as it is, is 
certain to be useful to a wide variety of readers It 
IS less bulky and more easy to manage than the larger 
works on tropical medicine, at the same time it is a 
good deal broader and more comprehensive than are 
the epitomes which have appeared recently It deserves 
a high degree of popularity 

The Urinary Tract A Handbook o£ Roentgen 
Diagnosis By H Dabney Kerr and Carl L 
Gillies Price, $5 50 Pp 320, with numerous illus- 
trations Chicago The Year Book Publishers, Inc , 
1944 

The Year Book Publishers have embarked on the 
manufacture of a series of short handbooks dealing 
with roentgenologic diagnosis This volume, which is 
listed as sixth in the series, considers the urinary tract 
It IS a workmanlike affair copiously illustrated with 
excellent reproductions of films There are four major 
divisions of the subject matter the kidney, the ureter, 
the bladder and the urethra The text describes these 
anatomic units from a radiologist’s point of view, de- 
scribing first what is considered their normal visuali- 
zation and then various deviations from the normal 
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On pages opposite to the text are reproduced charac- 
teristic roentgenograms, which illustrate with delightful 
clarity the points in the text that appear to deserve 
greatest emphasis 

The book is so clearly written that it is easily read, 
and the illustrations are particularly good On the 
whole, this small handbook is bound to be a popular 
adjunct to any hospital library It will be useful to 
students and interns and to such inquisitive staff mem- 
bers as still attempt to see for themselves how the 
master radiologist interprets his findings in facing the 
baffling diagnostic problems afforded by diseases of the 
genitourinary tract 

Clinical Syphilology By John H Stokes, Herman 
Beerman and Norman R Ingraham, Jr Price, SIO 
Pp 1332, with 911 illustrations Philadelphia W B 
Saunders Company, 1944 

Stokes’s “Qinical Syphilology” has really become an 
institution in American medicine in the sense that there 
IS no other work which fully takes the place of this 
outstanding treatise Dr Stokes’s lucid and vivid style 
relieves the text of the monotony so to be dreaded in 
large monographs Every phase of the subject is 
thoroughly gone into — bacteriology, clinical features, 
theory and practice of treatment and public health 
aspects The numerous illustrations, tables and sum- 
maries enrich and enliven the text 

The fact that Stokes has worked in such harmom 
with other outstanding American syphilologists makes 
what he has to say even more impressive, since the 
work represents, as the writer sajs m his preface, to 
some extent a synthesis of experience It is somewhat 
appalling to find that 1,300 pages must be devoted to 
the discussion of one disease, even though it is a very 
important one As Dr Stokes optimistically points 
out, It is to be hoped that penicillin or some similar 
agent will so alter the situation as materiallj to sim- 
plify the whole subject 


Heart Disease By Paul Dudley White, M D 
Third edition Price, $9 00 Pp 1025 New York 
The Macmillan Company, 1944 

The third edition of this standard work on diseases 
of the heart needs no introduction to the medical pro- 
fession It has been for nearly fifteen years probably 
the most popular book on cardiac disorders that the 
medical profession makes use of in teaching and m 
practice It is almost encyclopedic in content, it is 
complete in every respect Only one or two criticisms 
may be pertinent In the first place, the list of refer- 
ences after each chapter is extensive To the student, 
at least, a few well selected references might be of 
greater value than a list of some thirty to one hundred 
articles Many of these articles are good, but some 
are better than others, and only the best should be 
}isicd lor the mcriUcai reader or the tj'ro 

Another minor criticism is the weight of the book, 
almost 3 pounds (13 Kg), which makes for a great 
deal of difficulty in reading unless there is some 
kind of support other than the unaided arms These 
criticisms are of minor importance and do not negate 
the essential value of this well written, authoritative, 
extremely detailed and comprehensive book on cardiac 
disease 

Proteins and Ammo Acids Physiology, Pathol- 
ogy, Therapeutics Pp 189, with S illustrations 
Yonkers, N Y The Arlington Chemical Com- 
pany, 1944 

Although sponsored by the Arlington Chemical Com- 
pany, this little book contains no advertising matter 
It consists of a good practical summary of current 
knowledge about proteins and their breakdown prod- 
ucts and metabolism It should be a useful compen- 
dium for persons who wush to orient themselves as to 
the newer aspects of protein therapy in connection 
with surgical operations, burns and fractures 
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TWO CASES OF MORVAN’S SYNDROME OF UNCERTAIN CAUSE 


HARRY PARKS, MD, and O S STAPLES, MD 


ATLANTA, GA 

About ninety years ago, Augustin Morvan, a 
Bieton physician, was consulted by a fisherman 
Avith a septic fingei Morvan incised it and 
noted that his suigical manipulations caused no 
pam The patient did not even wince at the 
contact of the bistoury This phenomenon ap- 
peared so curious that Morvan determined to 
investigate the sensibility of the affected hand, 
to his surprise he discovered that the hand and 
a part of the foreaim did not feel the prick of 
a pm During the next thirty years he observed 
6 other similar cases of painless infections of 
the hand, and these he reported in 1893 in the 
Gazette hebdomadaire de medecme et de chir- 
wgte^ as examples of a new disease He called 
this condition paiesxe analgesique des extreimtes 
supej teuj es 

Morvan’s paper is inteiesting He expiessed 
the opinion that the source of this new disease 
must he in the spinal cord, and he emphasized 
the dissociated sensation which his patients ex- 
hibited "The patient can hold a burning coal 
in his hand without pain Yet the feeling of 
touch is preserved, and the patient, his eyes 
blindfolded, can indicate with precision the spot 
VI here he is touched ” He desciibed the paresis 
and amyotrophy which were apparent in many 
of h’s patients and their various trophic dis- 
orders, such as deformed extremities, peculiai 
arthropathies and spontaneous fractures 

This paper stimulated gieat interest at once 
Since its publication there has grown up a large 
literature on "Morvan’s disease” As a rule 
the clinical picture of which Moivan wrote has 
been proved to be due to syringomyelia, with 
tiophic lesions an outstanding featuie That 
leprosy may produce neaily identical symptoms 
has been mentioned many times , in fact, sevei al 
writers have suggested that the sailors of Brittany 
are peculiarly liable to an at3^pical foim of leprosy 
exemplified in the cases which Morvan described, 

1 Morvan, A De la paresie analgesique a panaris 
des extremites superieures ou pareso analgesic des 
superieures, Gaz hebd de med 20 580-583, 
590-594 and 624-626, 1883 


and thus the leprosy of Brittany has been dis- 
cussed seriously in the French hteiature 
A few authors have insisted that the clinical 
'picture of Morvan’s disease is not always due 
to syringomyelia or to leprosy and that in some 
cases It represents an independent disorder Two 
cases of this type have been studied carefully 
by us in Boston, one at the Robert Dawson 
Evans Memorial and the other at the Children’s 
Hospital In both the diagnosis of syringomyelia 
seems improbable, the fundamental disease appar- 
ently being an unusual neuropathy of undeter- 
mined origin These cases are reported to stim- 
ulate interest m a rare and little understood 
condition 

REPORT OF CASES 

Case 1 — G A , an 8 year old American boy, entered 
the Robert Dawson Evans Memorial on July 22, 1936 

His father and mother and one sister were living 
and well 

Hwtory— The boy’s delivery and his early history 
were normal He had measles when he was 4 years old, 
chickenpox at 5 years of age and probably one-sided 
mumps at 7 Except for these illnesses his history was 
uneventful There was no delay m walking and no 
mental retardation There was no history of injury to 
his spine He attended grade school and appeared to 
be bright and intelligent in his school work 

When the boy was 2 years old his mother noticed 
that he often bit and chewed his finger tips until they 
bled The resultant wounds appeared to be painless and 
healed slowly In those early days, also, he burned his 
hands several times without seeming to be aware of it 
When he was 6 years old an infection developed about 
the nail of the right index finger This was not painful 
and apparently was not accompanied by any systemic 
reaction Roentgenograms of the finger showed osteo- 
myelitis of the terminal phalanx, and this was removed 
Several months before his admission to the hospital 
sensation in his legs seemed to become abnormal He 
stumbled and fell more often than did other children 
of his age, and often he injured his toes, though never 
in such a manner as to make him complain of pain 
Six months before he entered the hospital his left index 
finger became infected, and presently the terminal pha- 
lanx dropped off Just before the patient came under 
our observation several shallow ulcerations developed 
on his finger tips These healed slowly with callus-hke 
thickening of the skin His hands became so awkward 
in finer movements such as writing, buttoning his clothes 
and cutting food that his parents determined to send 
him to a hospital for treatment 

75 


76 


ARCHIVES OF INTERNAL MEDICINE 


Physical EvaminaUon — He appeared a fairly well 
developed but undernourished youngster, bright and 
intelligent His posture was poor, with bowing of the 
legs and protrusion of the abdomen, but there was no 
obvious scoliosis His heart, lungs and abdomen %vere 
normal The axillary and inguinal glands were easily 
palpable and were firm, small, discrete and nontender 
The peripheral arteries were not unusual 

The hands and feet showed a curious variety of 
trophic changes, which were more marked in the upper 
extremities than in the lower The nails were short, 
thick and dark, and several were cracked and loosel> 
attached to their matrices The skm surrounding the 
nails was thickened as if it were mildly and chronically 
inflamed The finger tips were rough and keratotic 
There were no folds of skin over the terminal inter- 
phalangeal joints On both thumbs and over three 
fingers of the right hand near their tips were small, 
shallow ulcers surrounded by thickened skin and ex- 
tending through the subcutaneous tissues There were 
many healed scars on the lower parts of both legs 
The toes looked much as did the fingers but did not 
appear so badly damaged 

Neurologic Examination — Examination of the nervous 
s>stem revealed glovelike areas of hypesthesia or anes- 
thesia involving both hands below the wrists and both 
feet and legs below the knees, with diminished reactions 
to pain, touch and temperature stimuli in these regions 
Such hypesthesia was more marked distally than cen- 
trally, and the disturbances in the sensation of touch 
were more widely distributed than were the disturbances 
in the sensation of pain and temperature 

There was total absence of all superficial and deep 
tendon reflexes No abnormal reflexes were elicited ex- 
cept Romberg’s sign Vibratory sensation and stercog- 
nosis seemed impaired, and it seemed probable too that 
the sense of muscle and joint positions was impaired 
No muscular atrophy or fibrillary twitchings were 
observed 

The muscles and ligaments about both ankle joints 
were lax, permitting undue inversion and eversion of 
the ankle joints 

The vasomotor reactions in the hands and feet weie 
not remarkable as judged by measurements of the tem- 
perature of the skin, which were made at the Petci 
Bent Brigham Hospital There ivas no tremor 

Examination of the cranial nerves gave negative re- 
sults except that the corneal reflexes on both sides weie 
diminished, with slightly diminished sensitivity to pain 
and temperature in the face 

Laboratory Studies — A variety of laboratory studies 
gave negative results Blood counts, urinalysis, exami- 
nations of stools and chemical examinations of the blood, 
including determinations of phosphorus and calcium, 
gave normal results Repeated Wassermann, Hinton 
and Kahn tests of the blood serum revealed no abnor- 
malities Lumbar puncture revealed a clear and color- 
less spinal fluid which was under normal pressure and 
had normal dynamics It contained 3 cells per cubic 
centimeter and had a total protein concentration of 
9 mg per hundred cubic centimeters The colloidal 
gold curve and the Wassermann reaction of the spinal 
fluid were normal 

Roentgenograms of the hands and feet showed lack 
of tufting of the ends of the distal phalanges but were 
otherwise not remarkable Roentgenograms of the cer- 
vical, thoracic, lumbar and sacral vertebrae revealed no 
pathologic changes There was no scoliosis or spina 
bifida 

Biopsies of skin taken from the dorsa of the wrists 
and from the middle finger of the right hand w'ere not 


informative No lepra cells or lepra bacilli were seen, 
and there were no histologic changes to suggest the 
presence of syphilis or of tuberculosis 
Examination of the amputated left thumb and middle 
finger showed thickening of the skin due to cornifica- 
tion of the surface epithelium and edema of the conum 
No nerves or nerve filaments were seen Microscopically 
there was found to be chronic inflammation of the skin 



Fig 1 (case 1) — A, hands, showing painless infec- 
tions and their end results and abnormal nails There 
is no muscular atrophy B, C, roentgenograms of the 
hands, showing progressive changes in bones in the 
course of two years D, roentgenograms of the feet, 
showing undeveloped phalangeal and metatarsal bones 
with pressure necrosis of the proximal phalanges 

and of the subcutaneous tissues with infiltration of neu- 
trophils, eosinophils and endothelial cells There were 
disappearance and degeneration of the medullated nerves, 
which w'ere surrounded by a dense fibrous capsule and 
bv lymphocjtes, plasma cells and endothelial cells The 
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phalanges showed marked atrophy and decalcification 
without periosteal reaction or osteomyelitis An occa- 
sional arteriole was almost completely occluded by 
fibrosis and lymphocytic infiltration 

In 1943 biopsy of the small nerve of the right foot 
was performed at another hospital This was reported 
to show no inflammatory changes 

Course — Up to the time of writing the patient’s sub- 
sequent history has consisted of repeated painless infec- 
tions of the fingers and hands following minor trauma 
At one time he bit off a small portion of the tip of his 
right middle finger An infection followed, with much 
edema and necrosis of the soft tissues, until finally the 
terminal phalanx of this finger was found lying loose 
in the tissues and was removed This episode was fol- 
lowed by a palmar abscess, which was drained without 
anesthesia It was only on very deep probing that there 
was any complaint of pain On another occasion an 
infection of the left thumb and of the right middle 
finger developed The thumb i equired amputation at the 
metacarpophalangeal j oint and the finger at the proximo- 
interphalangeal joint Cultures from these wounds con- 
tained hemolytic streptococci and Staphylococcus aureus 
Six months after tlie first examination his condition 
was about as it had been except that only greatly 
diminished biceps reflexes were obtainable for a time 
The spinal fluid was reexamined and was entirely 
normal 

On the hypothesis that the child might have syringo- 
myelia and that radiation might be of some therapeutic 
help, he was given a couise of roentgen treatment of 
the spinal cord The benefit obtained from this was 
by no means striking or certain 

A report seven years after the patient was fiist seen 
revealed that his general health was good Recuiient 
ulcerations of the finger tips and further loss of thiee 
additional phalanges had occuired, also he has had 
trouble with both feet 

Case 2 — J P , a 12 year old American girl, entered 
the Children’s Hospital on July 27, 1938 It may be of 
some interest that her parents weie fiist cousins She 
had three brothers and one sister, who were living and 
well One sister had died in infancy of some undetei- 
mined cause 

History — The patient had had measles, mumps, 
whooping cough and scarlet fever in infancy Her social 
background was notably poor, so that her diet had often 
been inadequate for varying lengths of time 

Three and a half years befoie entering the hospital 
she began to have weakness in her legs and recuirent 
painless ulcerations and infections in her fingers and 
toes 

Physical Examination — She was fairly well developed 
and well nourished and appeared normally intelligent 
Her posture was good, and there was no demonstrable 
scoliosis Examination of the heait, lungs and abdomen 
levealed no abnormalities 

The skin about the nails of both hands was thickened, 
reddened and cracked, and the nails were short and 
iriegular Her feet showed symmetric equinovarus de- 
formities, which could not be corrected by passive 
motion There were large calluses over the lateral 
plantar aspects of both feet, with numerous fissures in 
the skin of this legion On the right foot there was 
an ulcer, which appeared to be chronically infected 

Neurologic Examination — Neurologic examination re- 
vealed symmetric glovehke areas of anesthesia or of 
diminished sensitivity to pain, temperature and touch, 
involving all four extiemities and most marked distallv 
The disturbances in the sensation of touch were more 


widely distributed than the disturbances in the sensa- 
tions of pain and temperature Bone conduction seemed 
normal, although sense of position was lacking in the 
fingers and toes The deep tendon reflexes were dimin- 
ished, and no abnormal reflexes were obtained The 
cranial nerves seemed normal 

There was symmetric weakness of the anterior tibio- 
peroneal muscles, of the extensors of the toes, of the 
shoit and long toe flexor muscles of both feet and of 
the palmar interosseous muscles of both hands There 
was no obvious muscular atrophy, however, and no 
twitching 01 tremor There was no evident vasomotor 
abnormality 

Laboiatoiy Studies — Just as m the other case, all 
laboiatoiy studies gave negative results The spinal 



Fig 2 (case 2) — Hands and feet, showing abnormal 
nails There is no musculai atrophy 

fluid was normal Roentgenogi ams of the spine, tlie 
chest, the arms and the legs w'ere normal except for 
the absence of “tufting” of the ends of the terminal 
phalanx of the right great toe and of the left middle 
fingei There w^as no scoliosis or spina bifida 

Specimens of skin taken from the left foreaim and 
from the right foot in the region of the ulcer revealed 
nothing lemaikable on histologic examination Stains 
foi tubeicle and lepra bacilli levealed no organisms, 
and tubeiculosis did not develop when material from 
these tissues w'as inoculated info a guinea pig Biopsy 
of a section of the saphenous neive just above the ankle 
gave negative results 

Com sc — A leport from this patient three years later 
indicated that there had been no appreciable change in 
her condition Striking changes m the bones of the feet, 
apparentlj of a tiophic nature had de\ eloped 
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These 2 cases, clearlj'^, have seveial common 
features In each there was a symmetric periph- 
eral type of hj^pesthesia involving all four ex- 
tremities, more marked distally than centrally, 
and accompanied by peculiar trophic changes 
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anesthesia and hj'pesthesia Black indicates areas of anes- 
thesia, dots areas of h}'pesthesia The findings in case 1 
^\ere essentially identical 

Neurologic examination gave negative results m 
other respects except that all deep reflexes tvere 
either diminished or absent Roentgenograms 
revealed as an earty lesion loss of tufting of the 
terminal phalanges in the hands and feet There 
was a var 3 ’'ing degree of muscular weakness 
without apparent muscular atroph} Biopsies of 
the skin were not informative, and in 1 case 
examination of a peripheral nert'e gave no re- 
markable results Attempts to prove the pres- 
ence of tuberculosis or of lepros}^ yielded nega- 
tive results 


SIMILAR CASES IN THE LITERATURE 

We have reviewed all the reports of "Morvan’s 
disease” occurring in children We believe that 
7 cases resembling ours have been described and 
that they do not present the clinical picture 
ordinarily associated with syringom 3 '^eha A 
summary of these cases follows 

Head - has described the case of a 4 year old 
girl whom he saw because of frequent falls and 
painless injuries of the hands and feet When 
she was 8 months old she had an infection of 
the right index finger, which ivas slow m heal- 
ing, later she had successive infections of all 
her fingers, at one time losing a thumb sponta- 
neousljf as a result of a simple paronychia When 
Head saw her all of the terminal phalanges were 
lost, there was no sensation of pain or of tem- 
perature in the arms or the legs, and the deep 
tendon reflexes were absent There was no 
muscular atrophy, but the patient’s gait was 
unsteady The cranial nerves seemed normal 

Bousquet ® reported a case of a 9 year old 
girl who when she was 3 j^ears old had a pain- 
less burn on the finger, resulting m an infec- 
tion which healed slowly When she w as 4 years 
old she began to bite her finger nails to the point 
of bleeding, without experiencing any pain When 
she was 6 years old she had a painless wound 
of the left heel, which required frequent inci- 
sions for drainage There were trophic changes 
m both hands, since all the nails had disap- 
peared Sensor}' examination revealed absence 
of the sensations of pain and temperature below 
both knees and both elbows, although tactile sen- 
sation was intact In this case the reflexes of 
the tendons and the skin were normal 

Bonnett and Goj'et,'* Bonnett and Delore, 
and Barbier and Jarricot reported a case which 
w'as followed for twenty-three j'cars When first 
observed the patient had sensory and trophic 
disturbances of the hands and feet There was 
symmetric loss of the sensations of pain and 
temperature m the hands, wnth presentation of 
tactile sense, but all forms of sensation were 
lost in the feet The deep reflexes were absent 

2 Head, H Morvan’s Disease Case Report, 

London Hosp Gaz 10 5-7, 1903 

3 Bousquet Un cas de synngomyelie chez I’enfant, 
Ann de med et chir inf 10 673-679, 1906 

4 Bonnett, L M , and Goyet Syringomyelic a forme 
de maladie de Morvan chez un enfant, Lyon med 113 . 
1017-1020, 1909 

4a Bonnett, L M Sjnngomyelie a forme de 
maladie de Alorian traite par la radiotherapie bon 
resultat, Lyon med 130 1051-1054, 1921 

4b Barbier, M, and Jarricot, H Sur un de 
‘‘syringomjelie a forme de Morian,” Lyon med 148 
374-377, 1931 
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in the legs, although they weie present in the 
aims He was given several courses of roent- 
gen therapy without any noticeable effect Sev- 
eial yeais later, when he was 20 years old, he 
improved for a period of thiee years although 
loentgenogiams of the phalanges showed chai- 
acteristic lesorption of bone Later theie was 
exacerbation of the process with recurrence of 
tiophic changes in the feet When he was 36 
years old the disturbances in sensation were 


Cruchet, Petges and Joulia ® have studied a 
7 year old boy who at the age of 3 began to 
have “indolent blisters” on his arms and legs, 
these weie followed by painless ulcers and sub- 
sequent loss of several phalanges The fingers 
and toes were short and thick. The movements 
of the hands were awkward On the palmar 
sui faces of the feet were perforated ulcers, which 
at times had drained bony fragments, so that 
some of the toes were reduced to conical stumps 



Fig 4 (case 2) — Roentgenograms of the hands and a foot The early lesion appears to be loss of tufting 
of the terminal phalanx, shown in the left middle finger and great toe The roentgenograms of the foot show 
progressive changes in bone in eighteen months There have developed condensation and destruction of the talus 
and to a lesser extent of the os calcis and of the navicular There is moderate osseous debris in the region of 
condensation The worse involved foot appeared normal when the patient was first seen 


unchanged Both knee jerks were absent, al- 
though the left ankle jerk was obtainable There 
was no muscular atrophy, and his general health 
was good This case has been followed over 
a longer period than any other case recorded 
The striking feature of it is the small apparent 
progress of the disease during more than twenty 
years 


The deep reflexes were absent There was loss 
of all forms of sensation below the knees and 
wrists, with diminution of sensation from the 
knees to the hips and thighs and from the wrists 

5 Cruchet, R , Petges, G , and Joulia Un cas de 
maladie de Morvan chez un enfant de sept ans, Bull et 
mem Soc de med et chir de Bordeaux, 1920, pp 
282-290 
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to the forearm Lepra bacilli weie not found in 
the dischaige from the ulceration oi in the nasal 
discharge The Wassermann reactions of the 
blood and the spinal fluid were negative 

Wagner® reported the case of a 15 yeai old 
gill who began to have painless blisteis and 
ulcers of the toes when she was 9 yeais old 
The terminal phalanges of the large toes were 
absent, and ulcerations weie piesent on their 
palmai surfaces near the bases There was no 
muscular atrophy The hands had a diminished 
sensation of temperature, although the senses 
of pain and touch weie normal, and in the feet 
the sensations of botli temperature and pain were 
less acute than the noimal though not entirely 
absent Roentgenogiams of the feet showed 
destruction of the phalanges and of the meta- 
tarsal bones 

Gate and Riou " repoited 2 cases, the patients 
being a brother and a sistei The man who 
was 27 years old when he was first examined, 
gave a history of having been unable to feel heat 
for many years and as a lesult having experi- 
enced many painless bums When he was 13 
years old he had a nonpamful swelling in the 
right knee and a year later a similar process in 
the left knee At 17 he had a series of painless 
perforated ulcers of the feet, so that finally, 
when he was examined, both index fingeis, the 
middle finger of the right hand, the first and 
second toes and the terminal phalanx of the 
third toe of the right foot w'-ere absent Theie 
w'as a perforated ulcei of the right heel The 
sensations of pain and temperatuie \vere absent 
below the knees and elbows and diminished 
proximally The sensation of touch was but little 
impaired The reflexes w eie normal There was 
no muscular atrophy or scoliosis The spinal 
fluid was normal, and the Wassermann reaction 
of both the blood and the spinal fluid w^as 
negative 

This man's sistei w as first seen when she w^as 
38 years old Her difficulties began when she 
w'as about 13 and appear to have been much like 
her brother’s Eventually all her fingers became 
affected , she lost one foot and had only two toes 
on the other In this patient there were no 
abnormal reflex changes and theie was no mus- 
cular atrophy 

COMMENT 

Each of these 7 cases repoited by foreign 
authors appears to us much like the 2 studied 
in Boston Whatever the disease may be, it 

6 Wagner, I Beitrag zur famiharen lumbo- 
sacralen Synngomyelie, Monatschr f Kinderh 53 
137-152, 1932 

7 Gate, J, and Riou, J Troubles trophiques et 
troubles de la sensibdite reahsant un syndrome de 
Morvan fanuliel, Lyon med 157 102-106, 1936 


appears to develop in young people of eithei sex 
The first symptoms aie sensory and usually 
consist of absence of pain with burns or othei 
injuries Latei there develops loss of the sensa- 
tion of pain, temperature and usually touch in 
the distal parts of all foui extiemities Trophic 
changes soon become prominent m the form of 
ulcers, atrophy of the bones and changes m the 
nails, spontaneous amputation of small paits 
becomes necessary by reason of infection On 
physical examination the superficial and deep 



Fig 5 — ^The late result of Morvan’s syndrome in a 
patient known to have had the disease for fourteen years 
The patient was seen by Dr Cruchet, who has per- 
mitted us to use the illustration 

tendon leflexes may be absent, diminished or 
normal No paralysis, muscular weakness oi 
atrophy develops, and evidence of involvement 
of the upper motoi neurons or of the lateral or 
the pyiamidal tract is strikingly absent The 
course of the disease appeals to be relatively 



PARKS-STAPLES—MORVAN’S SYNDROME 


SI 


benign Unfoitunately obseivations at neciopsy 
liave not been described 

Questionnaires were sent to seveial authois 
who reported the cases desciibed, asking foi 
follow-up notes and paiticularly for results of 
necropsy These letteis elicited no significant 
information The 1 case which was followed 
for more than tuenty yeais, however, and the 
history of our own cases suggest that any rapid 
progressiveness is unlikely 

The authois whose cases have been mentioned 
discussed them as problems in diflfeiential diag- 
nosis, h3pertiophic neuritis, leprosy, Raynaud’s 
disease and syringomyelia The prefeired diag- 
nosis in each instance was s3^ringomyeha 

Compared with cases of synngom3elia as 
usually reported, these cases seem somewhat 
atypical In syringomyelia theie frequently is a 
segmental distribution of dissociated sensation, 
that IS, preseivation of the sense of touch with 
loss of the sense of pain and temperature in 
a given area In this gioup of cases there was 
impairment of all foims of sensation, occUiiing 
symmetrically m all four extremities In synngo- 
m3’'eha theie aie likely to develop signs of 
involvement of the lateral column, such as ex- 
aggerated reflexes or spasticity, signs of involve- 
ment of the anterior horn, such as loss of reflexes, 
atrophy or fibrillations, and signs of involvement 
of the posterior horn, such as loss of the sense 
of position and loss of vibiator3^ sensations 
These changes appear eithei singly or in combi- 
nation in the majority of cases of syringomyelia 
Such manifestations, on the whole, were strik- 
ingly absent in our cases The distribution of 
the neuiologic signs of syringomyelia is usually 
asymmetric In these cases the symmetry of the 
involvement was striking Syringomyelia follow's 
a course which is chionic and slowly progressive 
but often more rapid than that in the cases re- 
ported here seems to have been While trophic 
changes such as those in our cases have been 
obsen^ed frequently in typical cases of syiingo- 
myeha, such trophic phenomena are an additional 
element in the picture of syringomyelia and do 
not dominate the clinical pictuie as much as in 
the cases described here 

In our 2 cases biopsies were of little assistance 
The exact diagnosis remains obscure If oui 
patients have some form of peripheral neuiitis, 


it IS an unusual foim unless one assumes that the 
sensory rather than the motor fibers are pre- 
dominantly afifected On the other hand, if the\ 
have a form of syringomyelia, it is also an un- 
usual foim of this disease and unlike that in 
most of the cases reported 

A few years ago Dr Rene Ciuchet, then pio- 
fessoi of medicine at the University of Bordeaux 
spoke m Boston on Morvan’s disease and allow^ed 
us to study his manuscript He saw our patient, 
G A, and suggested an mteiesting possibilit3 
He did not think this boy had syimgomyeha 
though he agreed that he had a form of Morvan’s 
disease, or, as he preferred to call it, Moi van’s 
syndrome He wondered whether the young 
man’s condition could have aiisen fiom a lesion 
located in the so-called trophic center of the 
medulla, an aiea which was mapped out by 
Laruelle ® to include the nucleus of the lateral 
coinua and the superior sympathetic nucleus of 
Jacobson Cruchet expiessed the opinion that 
this area exists He hypothesized that an in- 
flammatory or degenerative lesion or even a 
congenital imperfection shaiply localized to this 
aiea might lesult m extraordinar3'’ trophic dis- 
tuibances, by postulating a lesion in that region 
he explained in a more or less plausible mannei 
the development of the picture of Morvan’s 
S3''ndrome m peisons without apparent syiingo- 
myelia or leprosy 

How seriously such an apparently fanciful 
suggestion should be taken is uncertain Seem- 
ingly, however, theie is a peculiar neuiotiophic 
disoider of unknown cause occuriing in childien 
wdiich runs a chionic course It is charactei- 
ized by symmetric loss of sensation in the arms 
and legs and by notable trophic changes It 
may lesemble certain forms of syringomyelia but 
lacks the characteristic segmental distribution of 
sensory symptoms with dissociated sensation 
which is ordinarily found in this disease It 
lacks also amyotrophy, spasticity and other signs 
indicating involvement of the uppei or lowei 
motor neurons or of the spinal tract It is not 
leprosy It is a lare disease, which w^arrants 
furthei study 

915 Chandler Building 

262 Beacon Street 

8 Laruelle, L La structure de la moelle epiniere 
en coupes longitudinales, Rev neurol 67 695-725, 1937 
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Giaves ^ in 1843 offered what was probably 
the first description of this disease He reported 
the observations at autopsy in a case of pneu- 
monia and described endocarditis of a bicuspid 
pulmonary valve 

The great increases in information concern- 
ing bacterial endocarditis which were made in the 
latter half of the nineteenth century were ushered 
in by Ormerod’s Goulstonian Lecture of 1851 ^ 
Here, for the first time, a clear distinction was 
drawn between ulcerative and rheumatic endocar- 
ditis The basis of the clinical recognition of bac- 
terial endocaiditis was established firmly by 
Kirkes in 1852 - He described embolic phe- 
nomena in various forms, occlusion of the arteries 
of the leg, hemiplegias and cutaneous petechiae 
and argued that these were due to mechanical 
obstruction of the vessels by pieces detached from 
the “large fibrinous masses on the heart valves ” 
Stokes ^ in 1854 defined endocarditis and stated 
that “there is no pathognomonic sign of its ex- 
istence, and its diagnosis depends on the recent 
production of a valvular murmur or the existence 
of special morbid states of the system, which 
predispose to inflammation of the heart ” Wilks 
in 1868® reemphasized Kirkes’ studies and also 
pointed out that valvular endocarditis may act as 
“a wound at the center of the circulation” and so 
by dissemination of purulent infarcts give the 
symptoms of “pyemia ” 

The ensuing years mark the great growth of 
the science of bacteriology, and in 1875 Klebs 
first described the pneumococcus In 1881 Pas- 
teur and Sternberg, working independently, iso- 
lated pneumococci for the first time through 
animal passage In April 1884 Fraenkel ^ made 
the first report of his studies, which were to ful- 
fil later (1886) all of Koch’s postulates He 

From the Department of Medicine, Stanford Uni- 
versit\ School of Medicine, and the San Francisco 
Hospital, Department of Public Health 

1 Perry, C B Bacterial Endocarditis, Bristol, 
John Wright & Sons, Ltd , 1936, p 137 

2 Willius, F A , and Keys, T E Cardiac Classics, 
St Louis, C V Mosby Company, 1941, p 473 

3 Willius and Keys,^ p 577 

4 White, B The Biology of Pneumococcus, New 
York, The Commonwealth Fund, 1938, p 799 


demonstrated the diplococci in lesions of endo- 
carditis, pleuritis, pericarditis and nephritis and 
correctly assumed that metastases might arise 
fiom a pulmonary lesion 

During this time clinical studies had been 
keeping abreast of increasing bactenologic 
knowledge Osier in 1881 ® spoke of finding 
“micrococcus balls” in 4 cases of endocarditis 
complicating pneumonia He was not ready to 
assert that the “micrococcus balls” were the cause 
of the disease, but called attention to the fre- 
quency with which this condition and meningitis 
accompany pneumonia One year later Bozzolo * 
concluded from clinical observations that pleuiisy, 
pericarditis, endocarditis and meningitis were fre- 
quently associated with lobar pneumonia and 
that this association was due to a single infective 
agent Netter ® in 1886 published a comprehen- 
sive review of ulcerative endocarditis as a com- 
plication of pneumonia He demonstrated pneu- 
mococci in the vegetations and in the blood stream 
and produced the disease experimentally 

INCIDENCE 

Pneumococcic endocarditis is generally consid- 
ered a relatively rare disease, almost a medical 
curiosity, although medical literature contains 
numerous reports of individual cases In 1885 
Osier® reported 16 instances identified in 103 
necropsies on patients who had died of lobar 
pneumonia In one of the classic papers on the 
subject of infectious endocarditis Thayer ’’ de- 
scribed 38 cases of pneumococcic endocarditis 
of his own and an additional 41 cases collected 
from the literature These represented respec- 
tively 12 4 per cent and 14 7 per cent of 306 pei- 
sonal cases and 538 collected cases of all kinds 
of bacterial endocarditis Perry ^ in his mono- 
graph “Bacterial Endocarditis” collected 1,000 
cases in which the causative bacterial agents were 

5 Gordon, A Acute Endocarditis, Canad M A J 
42 382 (Feb) 3940 

6 Osier, W Malignant Endocarditis, Lancet 1 416, 
459 and 505, 1885 

7 Thayer, W S Bacterial or Infective Endo- ) 
carditis, Edinburgh M J 38 237 (April) , 307 (May) 
1931 
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^^ell established In 112 (11 2 per cent) the dis- 
ease was due to the pneumococcus Goldburgh, 
Baer and Liebei found that in 62 of 646 cases 
(9 6 pel cent) of acute bacteiial endocarditis 
observed in 26,007 autopsies done over a twenty- 
year period the pneumococcus was the infecting 
organism Table 1 shows the incidence of pneu- 
mococcic endocarditis among pneumococcic in- 
fections m geneial and among pneumococcic in- 
fections in patients on whom autopsies were 
pel formed 

MATERIALS FOR THE PRESENT STUDY 

The present is a statistical and clinical study 
of 16 patients with pneumococcic endocarditis 
Autopsies were performed on 13 of these patients, 
constituting 0 25 pei cent of 5,503 consecutive 
autopsies (1933-1944) There were 118 cases of 


Data from the cases of 3 additional patients 
will also be used Permission for autopsies on 
2 of these patients could not be obtained The 
third patient is living and is receiving penicillin 
therapy 

PATHOLOGY 

The vegetations in pneumococcic endocarditis 
vary greatly in size, color and distribution 
Thayer'^ stated that “the process is, almost in- 
variably, an acute ulcerative endocarditis especial- 
ly notable for early and extensive destruction of 
tissue resulting in erosions of valves with aneu- 
lysms, rupture or burrowing ulcers ” Rueg- 
segger ® agreed closely with this conclusion The 
vegetations vary in size from a mere excrescence 
to a huge growth that fills a ventricle almost 
completely The masses are usually soft, friable 


Table 1 — Incidence of Pneumococcic Endocaiditis Among Pneumococcic Infections in Geneial and 
Among Pneumococcic Infections of Patients Subjected to Autopsy 
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Pneumococcic 
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Author 
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Endocarditis 
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Autopsy 

Endocarditis 

Autopsy 

Rosenbluth (1932) 

150 

5 

33 




Ruegsegger U938) 

055 

19 

29 




Moore (1940) 

1,469 

54 

36 




Osier (1885) 




103 

16 

15 5 





(lobar pneumonia) 



Lord (1932) 




337 

14 

416 





(lobar pneumonia) 



Finland (1937) 




084 

81 

45 

Goldburgh (1942) 




1,041 

62 

69 





(lobar pneumonia) 



Tinsley (1944) 




118 

13 

110 





(lobar pneumonia) 




lobar pneumonia (2 1 per cent of all cases -in 
which necropsies were performed) There were 
36 cases (0 65 per cent of all the cases in which 
necropsies were performed) of acute bacterial 
endocarditis for which the cause was considered 
definitely established by clinical examinations 
and necropsy In these, 13 infections were due 
to the staphylococcus, 2 to the gonococcus, 8 to 
hemolytic streptococci and 13 to the pneu- 
mococcus (36 per cent) 

7a Goldburgh, H , Baer, S , and Lieber, M Acute 
Bacterial Endocarditis of the Tricuspid Valve, Am J 
M Sc 204 319 (Sept) 1942 

7b Moore, F J , Thomas, R E , Kistlei, M , 
Ireland, R M , and Hailstone, V E Pneumococcic 
Pneumonia, Arch Int Med 66 1290 (Dec ) 1940 
Rosenbluth, M B Pneumococcus Endocarditis, in 
Contributions to the Medical Sciences in Honor of 
Dr Emanuel Libman by His Pupils, Friends and Col- 
leagues, New York, International Press, 1932, vol 3, 
P 983 

7c Finland, M , Brown, J W , and Ruegsegger, 
J M Anatomic and Bacteriologic Findings in Infec- 
tions with Specific Types of Pneumococci, Including 
T^pes I to XXXII, Arch Path 23 801 (June) 1937 


and grayish red The pneumococcus may attack 
the endocardium, leaving the valves intact 
Table 2 shows the site of the pneumococcic 
valvulitis as given m series of autopsies presented 
by various authors The well known predilection 
of the pneumococcus for the valves of the left 
side of the heart is illustrated However, Gold- 
burgh, Baer and Lieber = and Allen® felt that 
this oigamsm produces a relatively greater num- 
ber of right-sided lesions than do other oigan- 
isms causing acute bacterial endocarditis The 
former authors found vegetations restricted to 
the tricuspid valve in only 1 9 per cent of 584 
cases of acute bacterial endocarditis due to infec- 


8 Ruegsegger, J M Pneumococcic Endocarditis, 
Arch Int Med 62 387 (Sept) 1938 

9 Allen, A A Case of Bacterial Endocarditis 
Illustrating the Mechanism of Localization and Nature 
of the Vegetations, Am Heart J 21 667 (May) 1941 , 
M^echanism of Localization of the Vegetations of Bac- 
terial Endocarditis, Arch Path 27 399 (March) 1939, 
Nature of the Vegetations of Bacterial Endocarditis 
ibid 27 661 (April) 1939 
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tive agents other than the pneumococcus, while 
in 14 per cent of the cases of pneumococcic endo- 
carditis there were vegetations of this type 
In 77 per cent of the patients in the present 
series pneumococcic masses were confined to 
the aortic and the mitral valve, these patients 
constituted 54 and 23 pei cent respectively of 
the total numbei Involvement of the tricuspid 
valve alone was seen m only 1 patient, 7 pei cent 
of the total number The remaining 2 patients 
sho^\ed lesions of both the aortic and the tri- 
cuspid valve In 6 of the 7 patients m whom 
there was involvement of only the aortic valve 
perforation of a cusp occurred This also took 
place in 1 of the 3 patients who had vegetations 
only on the mitral -valve An aortic cusp was 
eroded in each of the patients m vhom theie ^\ere 
lesions of both the aortic and the ti icuspid valves 


2 patients on whom autopsies weie not done oi in 
the third patient, now i eceivmg treatment Thus 
it is seen that the incidence of previous valvular 
damage given by Thayei (37 5 per cent) and that 
demonstrated by the present series (46 per cent) 
agree moderately well and are m sharp contiast 
to the incidence reported by Ruegsegger (6 6 
per cent) 

The data available aie all based on series that 
aie fairly small and are therefore influenced 
greatly by individual cases It is apparent also 
that the majority of the cases of pneumococcic 
endocarditis occui on valves undamaged pre- 
viously Perhaps, howevei, the high proportion 
of instances in which the valves were damaged 
should be more strongl}- emphasized and the 
clinician should be especially concerned vith 
the possibility of the development of pneumococ- 


Table 2 — Stic of Acute Pncimococcxc Endocaidiiis 
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Preexisting valvular disease is believed to have 
little efitect on whethei acute valvulitis is to occui 
Thajei ’’ found that m 37 5 per cent of 38 cases 
there was e\ idence of previous valvulai damage 
Ruegsegger ® found that antecedent A^alvular dis- 
ease existed in but 1 of 15 cases, lepoited by him, 
of pneumococcic endocarditis in which autopsies 
■uere peiformed Davis and Weiss repoited 
that in only 7 of 5,215 cases in which autopsies 
were performed was there acute endocarditis 
secondaiy to a pneumonic process, the entiie 
complex OCCUI ring, apparently, on previously 
normal valves Howevei, in the present senes 
6 of 13 patients on whom autopsies were pei- 
formed shoived either clinical or histologic evi- 
dence of preexisting valvular disease Thei e was 
no evidence of antecedent valvular disease in the 

10 Davis, D , and Weiss, S The Relation of Sub- 
acute and Acute Bacterial Endocarditis to Rheumatic 
Endocarditis, New England J Med 208 619 (Alarch 
23) 1933 


cic endocarditis m a patient who has had valvulai 
disease oi who has a convincing history of a 
disease that produces damaged valves 

It IS beyond the scope of this papei to give an 
extended discussion of the experimental produc- 
tion 01 the method of localization of bacterial 
endocarditis Howevei, the condition can be 
produced expeumentally on previously undam- 
aged valves by repeated injections of bacteria 
^^Tlght,^^ using streptococci and pneumococci, 
found that infection of the valves of the heaits 
of rabbits is most likely to occur in animals so 
treated with vaccines that demonstiable anti- 
bodies are present in the blood stream at the time 
of injection Wadsworth has described similai 

11 Wright, H D Production of Experimental 
Endocarditis with Pneumococci and Streptococci in 
Immunized Animals, J Path & Bact 29 S (Jan ) 1926 

12 Wadsworth, A B A Study of the Endocardial 
Lesions Developing During Pneumococcus Infections in 
Horses, J M Research 39 279 (Jan ) 1919 
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findings — the development of bacteual endo- 
caiditis in horses being immunized against the 
pneumococcus Keefer stated that it seems 
significant that the valves became infected only 
aftei the antibody titei became high, the anti- 
bodies aiding in the clumping and localization of 
the bacteria He fuithei stated that the equine 
endocaiditis demonstiated by Wadsworth “cor- 
lesponds closely to cases of endocarditis in man 
in which lesions develop on pieviously noimal 
heart valves, foi most of the patients have had 
liacteremia and have developed antibodies ” 

As for the selective localization on the valves 
of the left side of the heait, Ruegsegger® sug- 
gested that this IS no more than should be ex- 
pected, since in most cases the lungs aie the 
poital of entry .A theoiy which has long been 
held IS that the higher pressure in the left lung 
m some ^\ay contiibutes to lower resistance in 
the tissue A possible explanation for the in- 
ci eased incidence of valvular lesions of the right 
side of the heart in pneumococcic endocaiditis 
IS that offered by Allen ° He expiessed the view 
that all vegetations are produced and localized 
as the result of “impact, piessuie, and contact” 
of the blood stieam and the valves of the heart 
and that previous damage to valves serves to 
augment these foices Howevei, as the virulence 
of the infecting organism increases, “the neces- 
sity foi piessuie, impact, and contact diminishes,” 
and it IS less necessary that there be a pieviously 
damaged valve for the bacteiia to lodge on It is 
to this inci eased virulence of the infecting organ- 
ism that he attributed the increased incidence of 
valvular involvement of the light side by such 
organisms as the pneumococcus 

CLINICAL FEATURES 

The lange of ages in the 16 patients vas fiom 
27 to 84 yeais, the average being 50 years 
Eleven of the patients were above 45 years of 
age The observation that acute pneumococcic 
endocaiditis is a disease primarily of the fourth, 
fifth, sixth and seventh decades has been a le- 
maikably constant feature of all studies on this 
subject This is in contiast to the well known 
fact that subacute bacterial endocaiditis is pii- 
marily a disease of youngei persons Twelve 
of the patients weie men, and 4 were women 
That they were all white is presumalily due to 
the low pioportion of other laces m our service 

Lord stated that in about one thii d of the 
eases of pneumococcic endocaiditis the portal of 

13 Keefer, C S Pathogenesis of Bacterial Endo- 
carditis, Am Heart J 19 352 (March) 1940 

14 Lord, F T Pneumococcus Endocarditis, New 
England J Med 207 767 (Nov 3) 1932 


entiy is not definite Thayei found that in 83 3 
pel cent of his 38 cases the disease followed 
pneumonia In 79 per cent of the cases reported 
by Ruegseggei ® acute bacteual valvulitis fol- 
lowed lobai pneumonia In the piesent study it 
was found that in 12 patients (75 per cent) 
pneumococcic endocarditis followed lobar pneu- 
monia and that m 2 there was associated pneu- 
mococcic meningitis In 1 patient the condition 
staited with acute otitis media and mastoiditis 
In the remaining 3 patients (19 per cent), in- 
cluding 1 having pneumococcic meningitis, no 
obvious poital of entry could be found 

Clinical evidence of caidiac disease was sug- 
gested by modest cardiac enlaigement m 4 pa- 
tients One patient, 84 years of age, was known 
to have myocardial disease, foi electrocardio- 
giams taken ten years previously had shown a 
defect in inti aventricular conduction Repeat 
tiacings during his final illness showed no 
changes Two patients were repoited to have a 
loud, musical systolic niurmui, heard over the 
entile precoidium In only 1 patient is irregu- 
larity of rh 3 qhm repoited to have developed 
during the course of the disease In this instance 
auiicular fibrillation was diagnosed clinically, 
digitalis was given and the rhythm reverted to a 
sinus mechanism within twenty-foui hours In 
this patient there was associated acute purulent 
peiicarditis and myocarditis 

At neciopsy, however, the weights of 7 hearts 
were found to be 400, 420, 460, 500, 520, 520 and 
660 Gm respectively No explanation could be 
found for the hypei trophy in 1 patient, a 28 yeai 
old man The enlargement in 5 cases was con- 
sideied to be due either to mild valvular disease 
or to arteriosclerotic heait disease In the le- 
mainmg patient, a 27 yeai old man, autopsy re- 
vealed endocarditis of the mitral valve with 
fenestiation of a cusp, great hypertiophy and 
dilatation of the left auricle, and embolism of the 
left descending coionary aitery with myocardial 
infarction 

Purpura 'ivas piesent during the course of the 
illness in only 5 patients The spleen was palpa- 
ble in but 2 patients Yet at autopsy the spleen 
was considerably enlarged, those of 5 patients 
weighing fiom 330 to 430 Gm each Clubbing 
of the fingers was noted only once, and this was 
in the patient with the longest clinical course, 
piobably seventy to seventy-five days 

A lemarkably constant feature was the pres- 
ence 01 the development of hypochromic anemia 
It w^as not unusual for the patient’s hemoglobin 
to deciease by 25 per cent and reach a level that 
demanded repeated transfusions The number of 
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leukocytes was below 10,000 in but 2 instances, 1 
of which was a teiniinal manifestation of the 
ovei whelming infection One patient repeatedly 
showed over 40,000 leukocytes, the highest total 
being 46,800 The vast majority of the counts 
were between 20,000 and 25,000 There was 
invaiiably an increase in the number of poly- 
morphonuclear leukocytes and nearly always an 
inciease in the numbei of banded forms 

Three of the 16 patients showed numbers of 
led cells in the urinary sediment Red blood cell 
casts were not demonstrated In 2 patients acute 
embolic focal nephritis was demonstrated at 
autopsy In 1 of these cases the blood uiea was 
41 mg per hundred cubic centimeters of blood, 
and in the othei it vas 91 mg per hundied cubic 
centimeters at the patient’s entry into the hos- 
pital and rose terminally to 126 mg The micro- 
scopic hematuria present m the thud patient may 
have been the result of the therapy with sulfon- 
amide compounds In a fourth instance the blood 
urea was 135 mg pei hundred cubic centimeters, 
but subacute glomerulonephritis was found that 
seemed surely to antedate the terminal illness 

In all but 1 case cultuies of the blood showed 
the growth of pneumococci In the majority of 
instances other studies on the sputum, the 
empyema fluid, the cerebrospinal fluid and the 
pericardial fluid were also done In eveiy case the 
same organism was identified from all mediums 
The following types of pneumococci weie found 
by culture of the blood group IV, five times, 
type XII, three tunes , type XXV, two times, and 
types I, VII, X, XVIII and XX each once In 
1 case the organism was cultured from the valves 
of the heart at necropsy, morphologically and 
culturally it was a pneumococcus which did not 
show capsular swelling with the serums of 
types I, II or III 

The signs of acute pneumococcic endocaiditis 
usually appear shortly after the onset of the 
pneumococcic infection However, they may fol- 
low by days or even weeks what has appeared to 
be an uncomplicated lecovery from such an in- 
fection If the valvulitis meiges with the acute 
pulmonary, meningeal or mastoid infection, the 
diagnosis is very likely to be overlooked The 
onset IS usually abrupt and ushered m with a sud- 
den use in temperature and possibly a chill It 
may follow an afebrile period It may happen 
during defervescence from pneumonia From this 
point on the temperature is nearly always con- 
tinuously elevated Paroxysms of shaking chills 
and fever are not uncommon There are usually 
a marked aggravation of the patient’s symptoms 
and the signs of piofound toxemia 


The course is usually a rapidly fatal one 
Thayer found that 88 per cent of patients live 
less than four weeks and 92 5 per cent less than 
two months The patients m the present series 
were hospitalized on account of their fatal ill- 
ness over periods as short as two days and as 
long as fifty-one days As nearly as could be 
determined, the length of their present illness 
vaiied from seven to approximately seventy days 
It IS not implied that acute endocarditis was in 
existence foi the longest periods, for it is impos- 
sible to be sure of the exact point at which 
valvulitis began Most deaths from this disease 
are due either to great toxemia or to meningitis 
Thayer^ found that 55 pei cent of his patients 
had terminal meningitis, and he expressed the 
opinion that this is one of the distinctive features 
of this disease Ruegsegger ® found that 68 per 
cent of the patients in his series died of menin- 
gitis In the piesent study 5 of 15 patients died 
with meningitis Two deaths were in part due 
to cardiac insufficiency, and m both patients 
aortic insufficiency had developed as a result of 
the ulceration of one or moie valve cusps b}’^ the 
infectious process 

DIAGNOSIS 

The signs and symptoms necessary for the 
diagnosis of acute pneumococcic endocarditis are 
in most respects no different from those needed 
to establish the diagnosis of subacute bacterial 
endocarditis However, it must be remembered 
that such signs as splenomegaly, purpura and in- 
farction of various organs do occur in a prob- 
ably significantly smaller number of cases of 
pneumococcic endocarditis than of subacute bac- 
terial endocarditis Furthermore, evidence of 
pieexisting valvular disease is present in only a 
fairly small percentage of the cases of pneumo- 
coccic valvulitis One of the most necessary fea- 
tuies for the confirmation of the diagnosis is to 
obtain growth of the pneumococcus in a blood > 
culture Prolonged pneumococcemia is in itself 
presumptive evidence of the piesence of this 
disease 

One sign that is extremely helpful and that 
will definitely establish the diagnosis is the de- 
velopment of a cardiac murmur indicative of or- 
ganic valvular disease Ruegsegger ® found that 
m 7 of his 19 patients aortic incompetency devel- 
oped during then illness The long, blowing 
murmur of aortic msuificiency developed m 11 
of 16 patients of the present senes The time at 
which this murmur was first heard varied from 
the second to the fifty-first day m the hospital 
Aortic insufficiency developed m 6 of the 7 pa- 
tients that were shown at necropsy to have vege- 
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tations isolated to that valve It was heard in all 
but 1 patient in whom autopsy disclosed perfora- 
tion of an aortic cusp (8 of 9 patients) In both 
of the patients on whom autopsy could not be 
performed because pei mission was denied and in 
the patient now under treatment aortic diastolic 
murmurs developed and persisted Once estab- 
lished, the murmui did not wax or wane m in- 
tensity appreciably A developing or changing 
systolic muimur of mitral insufficiency did not 
help m the diagnosis of the condition of any 
patient m this series, m spite of the fact that 
autopsy disclosed 1 patient to have ulceration 
and fenestiation of a mitral cusp In no instance 
did the low-pitched, rumbling, crescendo murmur 
characteristic of mitral stenosis develop as m the 
case reported by Scott, in which the vegetations 
on the mitral valves actually produced an effec- 
tive stenosis 

The development of the murmur of aortic in- 
competency is so common that it must be re- 
garded as a diagnostic feature of this disease 
In every case of pneumococcic infection in which 
recovery is not rapid and complete the physician 
should make a painstaking search for this mur- 
mur with a diaphragm stethoscope over the entire 
piecordium Repeated readings of the blood pres- 
^ sure may give the first indication that aortic 
insufficiency has developed, by showing lowered 
diastolic pressure and increased pulse pressure 
This should serve to make cardiac auscultation 
even more thorough 

THERAPY 

Prevention, not cure, must be the goal m the 
theiapy of pneumococcic endocarditis — preven- 
tion by means of early recognition and adequate 
treatment of pneumococcic infections For the 
results of any treatment are disappointing once 
valvulitis has developed Indeed, the physician 
has little to offer but continued endeavor The 
sulfonamide drugs have seemingly made no dif- 
ference in the uniformly fatal outcome of these 
cases, and added serum therapy has not been 
demonstrated to be efficacious Penicillin perhaps 
will offer a new and potent form of therapy 
The general measures for the care of the' patient 
are in no way distinctive and need no discussion 
here 

15 Scott, T Pneumococcic Endocarditis A Report 
of Two Cases with Some Unusual Features, Internat 

^ Clin 2 223 (June) 1941 

16 Wells, E F Endocarditis as a Complication of 
Pneumonia, J A M A 39 978 (Oct 18) 1902 


Apparent cures have occurred Wells,^° 
Preble and Laubry and Coffin have all re- 
ported cases which seem clinically to have been 
instances of this disease and m which recovery 
took place In these cases acute endocarditis 
with development of aortic insufficiency and 
embolic phenomena followed what was diagnosed 
as lobar pneumonia In all cases the cardiac 
murmur persisted Blumberg, Heme and Lip- 
shutz have recently reported a case m which 
there were multiple embolic manifestations, 
meningitis, a loud, harsh systolic apical murmur 
and giowth of pneumococci, type XXVIII, m 
blood cultures on the thirty-sixth day of the 
patient’s hospitalization The positive blood cul- 
tures were obtained after the meningitis had 
cleared and after protracted treatment with both 
sulfadiazine and sulfathiazole and after many 
previous blood cultures had failed to reveal either 
aerobic or anaerobic organisms Five hundred 
and forty thousand units of type-specific serum 
was given m the first seven days after the blood 
culture became positive, and administration of 
sulfathiazole was continued More recently 
Keefer has reported a cure with penicillin In 
this instance acute endocarditis followed lobar 
pneumonia, and the murmur of aortic insuf- 
ficiency developed during the course of the 
therapy The murmur persisted after the patient’s 
lecovery Loewe, Rosenblatt, Greene and Rus- 
sell have added the sixth apparent cure, that 
of a child with congenital heart disease whose 
blood culture showed growth of pneumococci, 
type XXVII, and who had pulmonary infarcts 
Combined penicillin and heparin therapy was 
used 

SUMMARY 

Pneumococcic endocarditis occurs in about 3 
to 3 5 per cent of all pneumococcic infections and 
IS responsible for probably about 5 to 10 per cent 
of deaths due to pneumococcic infections The 
aoitic and mitral valves are infected in 36 and 

17 Preble, H B Pneumococcus Endocarditis, Am 
J M Sc 128 782 (Aug) 1904 

18 Laubry and Coffin, cited by Blumberg, N , Heine, 
W I , and Lipshutz, J Pneumococcus (Type XXVIII) 
Endocarditis with Recovery, JAMA 120 607 
(Oct 24) 1942 

19 Keefei, C S , Blake, F G , Marshall, E K , 
Lockwood, J S , and Wood, W B Penicillin in the 
Treatment of Infections, JAMA 122 1217 (Aug 
28) 1943 

20 Loewe, L , Rosenblatt, P , Greene, H J , and 
Russell, M Combmed Penicillin and Heparin Therapy 
of Subachte Bacterial Endocarditis, JAMA 121 144 
(Jan IS) 1944 
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33 per cent of the cases respectively In only 
approximately 11 pei cent of the cases are the 
valves of the right side of the heart solely in- 
volved Antecedent valvulai damage is piesent 
m a minority of the instances but is present often 
enough — ^perhaps in one third of the cases — • 
that it may well contribute to the development of 
this disease Puipura, splenomegaly and mfaic- 
tion of organs by emboli aie less common than 
m subacute bacteiial endocaiditis The ulcera- 
tive infectious piocess often produces fenestra- 


tion of a valve cusp, with subsequent appearance 
of the murmur of aortic insufficiency A thorough 
search for this murmur should be made in every 
case of pneumococcic infection which does not 
give evidence of rapid and complete lecovery 
Pneumococcemia is almost mvaiiably present, 
and repeatedly positive blood cultures are pre- 
sumptive evidence of the existence of this dis- 
ease The disease is usually rapidly fatal and 
may terminate in acute purulent meningitis 
Treatment has so far been highly unsatisfactory 
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During the past yeai 45 patients have been 
tieated for bronchiectasis The symptoms in 20 
of these patients followed attacks of atypical 
pneumonia occurring duiing the winter of 1942- 
1943 It is with these 20 patients whose bronchi- 
ectasis appears to have been related to atypical 
pneumonia that this paper is primarily con- 
cerned In 3 of the 20 patients, the bronchiec- 
tasis appeared to be reversible as confirmed bj^ 
subsequent bronchograms These 3 patients 
showed less severe cyhndric bronchiectasis, con- 
fined mainly to the larger bronchi The remaining 
17 patients had moie extensive bronchial and 
bionchiolar destruction, and the damage appeared 
to be permanent The diagnosis of atypical pneu- 
monia was made at the time of the original ill- 
ness, prior to transfer to this hospital, and was 
concurred with only after careful leexammation 
of the clinical records and roentgenograms It 
IS impossible, with the material available to us to 
determine the general incidence of bronchiectasis 
following atypical pneumonia, foi only the pa- 
tients for whom this diagnosis was already estab- 
lished or suggested or who had persistent evi- 
dence of unresolved pneumonia were tiansf erred 

Prior to pneumonia these patients had no 
symptoms relative to the pulmonary system The 
roentgenograms made at the time of the patients’ 
induction were obtained, reexamined and found 
to be entirely within normal limits The attacks 
of atypical pneumonia were typical for this con- 
dition in every respect except that they failed to 
show spontaneous healing in the usual period 
After the acute episode subsided, a cough re- 
mained which became increasingly productive 
Basilar rales persisted in the affected lungs 
Serial roentgenograms showed an uniesolved 
pneumonia These signs and symptoms contin- 
ued for a number of months, and the presence 
of bronchiectasis was confirmed by bron- 
chography 

Eight additional patients with bionchiectasis 
also claimed attacks of pneumonia in the Army 
to be the precursor of their cough and sputum 
However, 6 of these patients gave histones of 
pneumonia during childhood, and reexamination 
of 5 of the 8 induction roentgenograms revealed 


suggestive evidence of pathologic pulmonary con- 
ditions existing at that time One must be care- 
ful in stating that the attack of so-called atypical 
pneumonia was the precursor of the bronchiec- 
tasis and not m itself atypical because of preexist- 
ing bronchiectasis 

The remaining 17 patients with bronchiectasis 
either had vague histones as to the onset and 
duration of symptoms oi fell into the more com- 
mon group of persons whose symptoms had been 
present for years The majority of these patients 
had had several attacks of pneumonia The in- 
duction roentgenograms suggested the presence 
of bronchiectasis in many instances 

Bronchiectasis is a chronic disease character- 
ized by persistent cough, foul sputum and general 
debility The sj^ptoms are usually present for 
a number of yeai s bef oi e medical relief is sought 
Pei ry and King ^ stated that 42 per cent of then 
167 patients with bronchiectasis dated the onset 
of the disease to the first decade of life Similar 
percentages have been recorded by other observ- 
ers Fairell ^ listed 54 per cent, Ogilvie ® 66 per 
cent, Ballon, Singer and Graham^ 54 per cent 
and Riggins ° 41 per cent of their patients as 
having had the onset at this time The majority 
of the remaining patients dated the onset of their 
symptoms of bronchiectasis from three to ten years 
pi 101 to being seen by these authors and fre- 
quently considered their condition to be a result 
of previous attacks of pneumonia or infections of 
the respiratory tract It is rare for patients with 
bronchiectasis to be seen whose cough, sputum 
and geneial debility have been of only several 
months’ duration 

1 Perry, K M A , and King, D S Bronchiec- 
tasis A Study of Prognosis Based on a Follow-Up 
of 400 Patients, Am Rev Tuberc 41 531-548 (May) 
1940 

2 Farrell, J T The Importance of Early Diag- 
nosis in Bronchiectasis, JAMA 106 92-96 (Jan 111 
1936 

3 Ogilvie, A G Natural History of Bronchiec- 
tasis Clinical, Roentgenologic and Pathologic Studv, 
Arch Int Med 68 395-465 (Sept) 1941 

4 Ballon, H , Singer, J J, and Graham, E A 
Bronchiectasis, J Thoracic Surg 1 154-193 (Dec ) 
1931 

5 Riggins, H M Bronchiectasis Morbidity and 

Mortality of Medically Treated Patients, Am T Sure 
54 50-66 (Oct ) 1941 ^ 
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The shortness of the interval between the pneu- 
monia and the onset of symptoms suggestive of 
bronchiectasis in this group, the fact that as far 
as could be ascertained there were no symptoms 
to suggest bronchiectasis prior to the pneumonia 
and the additional factor of normal roentgeno- 
grams taken at the time of induction into the 
Army stimulated my interest as to whether 
bronchiectasis could actually result from atypical 
pneumonia With the easily available facilities 
of Army hospitals, bronchograms were made 
soon after the onset of symptoms suggestive of 
bronchiectasis This may account for the short 
duration of s3unptoms between the attack of 
pneumonia and the diagnosis of bronchiectasis 
in these patients If bronchographic examinations 
had been done earlier in other series of patients, 
the duiation of symptoms prior to such a diag- 
nosis would undoubtedly have been materially 
shortened 

It must be stated at the beginning that there is 
only one sure means of ascertaining the presence 
or absence of bronchiectasis, and that is bronchog- 
raphy Since none of these patients had had 
bronchographic examinations prior to the onset 
of atypical pneumonia* it cannot be stated with 
certainty that they did not have preexisting 
bronchiectasis One can only sa} that there was 
no reason to suspect this condition of having 
preexisted 

The purpose of this paper is the presentation of 
evidence to show that atypical pneumonia may 
present the factors fiequently considered in the 
pathogenesis of bronchiectasis, namely, bronchial 
infection and obstruction Case histones of 
patients having bronchiectasis following atypical 
pneumonia will be presented, with their serial 
bronchograms and pathologic observations It is 
difficult to evaluate the role of the secondary 
bacterial invaders following in the path of the 
atypical pneumonia in the genesis of bronchiec- 
tasis, but it IS felt that the atypical pneumonia is 
at least the initiating factor 

ATYPICAL PNEUMONIA 

A knowledge of the fundamental aspects of 
atypical pneumonia is essential to an under- 
standing of the processes involved in the develop- 
ment of bronchiectasis Bowen ® was among the 
first to recognize atypical pneumonia as a new 
disease entity He described this condition as 
being an “acute influenzal pneumonitis,” a benign 
type of bronchopneumonia occurring in soldiers 
stationed in Hawaii Allen m 1936 character- 

6 Bowen, A Acute Influenza Pneumonitis, Am J 
Roentgenol 34 168-174 (Aug ) 1935 

7 Allen, W H Acute Pneumonitis, Ann Int 
Med 10 441-446 (Oct) 1936 


ized the disease as an "acute interstitial pneu- 
monitis” Others® have considered it to be a 
viral pneumonia No attempt will be made to 
discuss the causation Suffice it to say that the 
majority of observers believe that the condition, 
in the present state of knowledge, is best named 
“primary atypical pneumonia, etiology undeter- 
mined ” The disease has epidemic potentialities 
and may cause illness of varying severity up to 
and including death Whether this is a new dis- 
ease entity or not is probably still open to ques- 
tion A review of the literature shows that there 
are a number of etiologic agents capable of pro- 
ducing this clinical picture Similarly, influenzal 
bronchopneumonia as seen in World War I has 
been described as an atypical pneumonia by a 
number of observers ° Certainly, atypical pneu- 
monia as described today in its more severe and 
protracted forms is similar in many respects to 
influenzal bronchopneumonia, except that the 
latter condition in the epidemic form appeared 
to be more virulent and associated with a higher 
mortality It will be remembered that pathologic- 
ally bronchiectatic bronchi were not an uncom- 
mon condition following that disease 

Atypical pneumonia is usually described as 
a mild to a moderately severe illness affecting 

8 (a) Adams, J M , Greene, R G , Evans, C A , 

and Beach, N Primary Virus Pneumonitis Com- 
parative Study of Two Epidemics, J Pediat 20 405- 
420 (April) 1942 (b) Reimann, HA An Acute 

Infection of the Respiratory Tract with Atypical Pneu- 
monia Disease Entity Probably Caused by a Filtrable 
Virus, J A M A 111 2377-2384 (Dec 24) 1938 
(c) Reimann, H A , Havens, W P , and Price, A H 
Etiology of Atvpical (“Virus”) Pneumonias, Arch Int 
Med 70 513-522 (Oct) 1942 (d) Reimann, H A 
Viral Pneumonias, Bull New York Acad Med 19 
177-181 (March) 1943 

9 Norris, G W, and Landis, H R M Diseases 
of the Chest and the Principles of Physical Diagnosis, 
ed 4, Philadelphia, W B Saunders Company, 1931 

10 (a) McCarthy, P V Primary Atypical Pneu- 
monia of Unknown Etiology, Radiologj 40 344-346 
(April) 1943 (b) Haight, W L, and Trolinger, 

T H Primary Atvpical Pneumonia, Etiology Un- 
knoivn, U S Nav M Bull 41 988-1000 (July) 1942 
(c) Dingle, J H , Abernefhy, T J , Badger, G F , 
Buddingh, G J , Teller, A E , Langmuir, A D , 
Ruegsegger, J M , and Wood, B W Primary 
Atypical Pneumonia, Etiology Unknown, War Med 
3 223-248 (March) 1943 (d) Zimmerman, J J 

Viral Pneumonia, Am J Nursing 43 141-144 (Feb ) 
1943 (e) Smiley, D F ; Showacre, E C , Lee, W F, 

and Ferris, H W Acute Interstitial Pneumonitis A 
New Disease Entity, JAMA 112 1901-1904 
(Miay 13) 1939 (/) Murray, M E, Jr Atypical 

Bronchopneumonia of Unknown Etiology Possibly Due 
to Filterable Virus, New England J Med 222 565-573 
(April 4) 1940 (ff) Suttenfield, F D Primary 
Atypical Pneumonia (Virus Pneumonia), Mil Surgeon 
93 360-364 (Oct) 1943 (h) Gneco, E H , Cove, 

A M, and Klein, E C Pneumonia A Survey of 
One Hundred and Six Cases, ibid 93 364-367 (Oct ) 
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young adults, persisting from five to fourteen 
days and uninfluenced by chemotherapy The 
onset IS insidious in some patients, while m 
others the illness begins with an acute naso- 
pharyngitis, a dry cough that is occasionally pro- 
ductive, chills or chilly sensations, headaches, 
night sweats and general malaise Some patients 
are able to continue work for four or five days 
prior to hospitalization, while others are ad- 
mitted in twenty-four to forty-eight hours with a 
temperature elevated to 102 to 104 F Usually 
the pulse and respiratory rates are low in com- 
parison to the fever, but an occasional patient is 
intensely dyspneic and even cyanotic The fever 
usually subsides m three to five days by lysis 
There is a normal leukocyte count early, and a 
secondary rise to 12,000 to 18,000 in a week to 
ten days 

The changes in the chest shown on physical 
examination are minimal in comparison to the 
extent of the disease shown roentgenographically 
Often there are no abnormal conditions in the 
chest on admission, but after two or three days 
dulness over the affected site, impaired or de- 
creased breath sounds and rales are noted As 
the temperature falls, coarse rales are frequently 
noted to increase in numbers, and in many pa- 
tients they first become noticeable during this 
period of defervescence Rarely do patients show 
evidence of tubular breathing, as expected when 
there is pneumonic consolidation There is often 
a great disproportion between the relatively mild 
clinical signs and syirfptoms and the roentgen 
observations This suggests that the underlying 
process may be largely atelectatic rather than en- 
tirely infectious Fuithermore, the fact that fre- 
quently the roentgen changes precede the physical 
changes raises the question as to whether or not 
the original lesion is relatively minimal but suf- 
ficient to produce lobular atelectasis and whether 
the rales and impaired breath sounds later noted 
are secondary to the atelectasis 

Examinations of the sputum for the most part 
show only the normal inhabitants Approximately 
15 per cent of patients have bloody sputum 
Rhoads expressed the belief that Streptococcus 
viiidans, which was present in most of his cases, 
contributed to the death of 1 patient Others have 
considered that such organisms are secondary 
invaders and of no importance Kneeland and 
Smetana reported only the usual bacterial flora, 

11 Rhoads, P S The Probable Incidence and 
Clinical Features of "Virus” Pneumonia, Radiology 
40 327-338 (April) 1943 

12 Kneeland, Y , and Smetana, H F Current 
Bronchopneumonia of Unusual Character and Undeter- 
mined Etiology, Bull Johns Hopkins Hosp 67 229-268 
(Oct) 1940 


such as nonhemolytic streptococci, Str viridans. 
Staphylococcus albus. Staphylococcus aureus and 
gram-negative cocci Hemolytic streptococci and 
Haemophilus influenzae are inconspicuous Oc- 
casionally higher types of pneumococci which 
cannot be typed are found They stated that sec- 
ondary bacterial infection of the lungs occurs 
rarely 

Others described a more severe and prolonged 
form of the disease occuirmg along with the 
milder forms in the same epidemic and in a few 
instances ending in death The more severe 
form, as would be expected, shows more exten- 
sive pulmonary changes both on physical and 
on roentgen examination The onset and course 
in this form are similar to those of the milder 
form for the first week or so The patients then 
become more critically ill and have a severe 
cough, which IS frequently productive They 
aie dyspneic, cyanotic and exhausted The tem- 
peratuie is elevated fiom 104 to 105 F for a 
number of days Continuous oxygen therapy and 
lepeated transfusions are necessary The pneu- 
monia IS usually bilateral and shows a tendency 
to migrate The course is longer, and m some 
instances the disease persists for months 

Reimann described the infection as spreading 
rapidly in some cases and more slowly in others 
until the trachea, bronchi and eventually the lungs 
are involved in a diffuse, bilateral process which 
persists for several weeks and is followed by a 
residuum lasting several months There is in- 
volvement of much of the bronchiolar system as 
manifested by dyspnea and cyanosis, but con- 
solidation IS never striking Kneeland and Smet- 
ana described the presence of obstructed breath- 
ing which may be associated with areas of atelec- 
tasis Some of their patients, they stated, gave 
the picture of extreme pulmonary insufficiency 
and were cyanotic even in high concentrations 
of oxygen Recently in a review of 1,862 cases 
of atypical pneumonia by van Ravenswaay and 

13 (a) Correll, H L, and Cowan, I I Primary 
Atypical Pneumonia, U S Nav M Bull 41 981-987 
(July) 1943 (b) Hufford, C E, and Applebaum, 

A A Atypical Pneumonia of Probable Virus Origin, 
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W T Bronchopneumonia of Unknown Etiology 
(Variety X), Bull Johns Hopkins Hosp 67 268-305 
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co-workers, the increasing virulence of atypical 
pneumonia was stressed Recur lence of the pneu- 
monia m patients allowed up too soon was as 
high as 23 3 pei cent An additional 18 5 per 
cent had other complications, such as pleural 
fluid, empyema, chronic bionchitis and bionchi- 
ectasis 

Roentgen Observations — The loentgen signs 
of atypical pneumonia usually do not appear until 
the fourth day,^°“ are less dense than are seen in 


part of the chest but is most commonly seen in 
the light cai diophi enic angle The mottled type 
of densities is interpreted as a lobular form of 
atelectasis based on a mechanical factoi, the com- 
plete block of the smaller bionchi and bronchioh 
by exudate and swollen epithelium Coirell and 
Cowan described two faiil}' frequent types 
one in which the loentgenogiam leveals a dense 
circumhilar shadow with a fanlike infiltiation 
into the surrounding pulmonaiy tissue, and a 



Fig 1 —Roentgen varieties of proved atypical pneumonia Bronchiectasis did not develop in these cases A, 
streaking and mottled densities extending from the root of the lung down over the diaphragm, B, diffuse reil- 
hke shadow involving the greater portion of the lower lobe of the right lung and mottled density in the left 
costophrenic sulcus, C, circumhilar shadow with fanlike infiltration into the surrounding pulmonarj tissue, 
D, atelectasis of the lower lobe of the right lung associated with a mediastinal shift to that side in a case of 
atjpical pneumonia 


cases of lobar pneumonia, and are described as 
following certain patterns (fig 1) In Camp- 
bell’s"^ senes, the majority of the roentgeno- 
grams reveal streaking densities which radiate 
downward from the root of the lung and extend 
over the leaf of the diaphragm Others show a 
mottled type of shadow which may occui m am 

14 Campbell, T A , Strong, P S , Grier, G S , 
and Lutz, R J Primary Atypical Pneumonia, T \ 
a m 723-729 (July 10) 1943 


second, relatively frequent, type suggestive of 
atelectasis of a lobe, in that there is usually a 
diffuse veil-like shadow which occupies about 
two thuds of the lobe Curtzwiler and Mooie 
stated that in the circumhilar type a lateial pro- 
jection frequently shows such lesions to be along 
the bionchus of the dorsal lobe lather than at 

15 Curtzwiler, F C, and Moore, B E Priinan 
^.typical Pneumonia of Unknown Etiology, Radiologs 
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the hilus They contended that the involvement 
IS always along the distribution of a portion of 
the bronchial tiee Haight and Trolmger 
described foui types homogeneous, mottled, 
linear and a combination of the three It was 
felt by them that the lesions usually retain their 
original appearance and do not spread or be- 
come confluent This would suggest that the 
underlying lesion is mechanical (atelectasis) 
lather than wholly infectious (pneumonia) In 
contradistinction, Dingle and associates com- 
mented on the rapidity of the change in the 
loentgen appearance of the lesions over a period 
of a few days Other observeis“ described the 
pneumonia as migratory New foci of pneumonic 
infiltration may develop rapidly m other lobes 
and in the opposite lung Multiplicity of lobes 
involved is reported in 10 to 20 per cent of 
cases McCarthy^®® and CampbelH^ desciibed 
as one of the roentgen varieties parenchymal 
areas of infiltration resembling tuberculosis 

Pathologic Aspects — Deaths from this disease 
aie rare , consequently pathologic data are scarce 
Most of the patients m whom death occurred 
died as a result of preexisting complicating heart 
and kidney diseases The significant pathologic 
findings in the reported deaths will be sum- 
marized 

Kneeland and Smetana reported 1 death in 
52 cases The microscopic appearance of the lungs 
showed occasional septums to be thickened 
by fibrous tissue and infiltrations consisting of 
mononuclear wandering cells and polymorpho- 
nucleai leukocytes Some alveoli showed 
large mononuclear cells arranged m rows 
about the periphery An occasional hyaline mem- 
biane was present The mucosa of the larger 
bronchi and of the trachea was densely infiltrated 
by polymorphonuclear leukocytes and mono- 
nuclear wandering cells Their epithelial lining 
cells were prominent and frequently projected 
into the lumens in the form of small papillae 
Some of the lumens contained mucopurulent exu- 
date and debris In summaiy, the alveoli, inter - 
stitium and bronchi weie the areas affected by 
this disease The anatomic diagnosis was lobulai 
pneumonia with organization and acute tracheo- 
bronchitis 

One death occurred in the 285 cases lepoited 
by Dingle and associates Microscopically, the 
lungs showed congestion and infiltration of the 
alveolar walls with monocytes, lymphoc}tes, 

16 Haight and Trolinger^®^ Rhoads i’- Kneeland 
and Smetana Campbell, Strong, Grier and Lutz 
Correll and Cowan Hufford and Applebaum 
Longcope 


plasma cells and occasional neutiophils A simi- 
lar reaction was present m the perivascular and 
peribronchial interstitial tissues The alveoli 
contained many large actively phagocytic mono- 
cytes, a moderate number of eosinophils, a scant 
number of neutrophils, fibiin, edema fluid and 
erythrocytes The walls of the bronchi showed 
an acute inflammatory process with extensive ul- 
ceration of the bronchial mucosa , the lumens of 
the bronchi were plugged with an exudate com- 
posed chiefly of neutrophils The conditions 
found were a hemorrhagic mteistitial broncho- 
pneumonia and an acute ulcerative bronchitis 

Campbell and co-workers described 1 death 
among 200 patients The microscopic examina- 
tion revealed in the lungs bronchitis, bronchio- 
litis, peribionchitis and interstitial pneumonitis, 
and atelectasis secondary to the bi onchiolitis 
and peribronchiolitis The major bronchi 
show'ed sloughing of the epithelium The mucosa 
was moderately edematous and diffusely infil- 
trated with lymphocytes, occasional plasma cells 
and a moderate number of neutrophils The 
smaller bronchi showed a similar process with the 
lumens partly occluded by a purulent exudate 
There was a conspicuous peribronchial accumu- 
lation of lymphocytes and plasma cells. There 
was a general decrease m the size of the alveoli 
This process was associated fiequently but not 
alw'ays with a thickening of the alveolar wall 
The alveoli with thickened walls contained 
numerous cells Many of the alveoli w^ere atelec- 
tatic as a result of the bronchial plugs 

Longcope 1®° reported 32 cases of atypical 
pneumonia with 2 deaths Both of these occurred 
m patients with preexisting chronic rheumatic 
heart disease Microscopically the lungs showed 
the bronchi to be filled everywdiere with a thick 
exudate consisting of about half polymorpho- 
nuclear leukocytes and half round cells Their 
walls were everywhere infiltrated with round 
cells and occasional polymorphonuclear leuko- 
cytes All the alveoli were solidly filled with 
round cells There was almost complete absence 
of polymorphonuclear leukocytes everywhere 
except in the bronchi in 1 case, while in the other 
the peribronchial alveoli were similarly involved 
The bronchial epithelium of the larger bronchi 
showed squamous metaplasia 

The pathologic changes of the patients dying 
fiom atypical pneumonia as described by Mc- 
Carthy Rhoads and Saphir were similar 
in most respects to those in preceding pathologic 
reports except that the interstitial nature of the 

1/ Ssphir, 0 Rsthological Changes in Atv^picsl 
Pneumonia, Radiologj 40 339-343 (April) 1943 
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process was more apparent than the evidence of 
bronchial and broncinolar infection 

Adams discussed the pathologic observations 
on 9 infants dying during an epidemic of 32 
cases of viral pneumonia Grossly, the pulmonary 
tissue was congested, with scattered areas of 
hemorrhagic bronchopneumonia Exudate could 
be expressed from the bronchi and bronchioles 
Microscopically, the outstanding pathologic fea- 
tures were necrosis and ulceration of the bronchial 
epithelium with a rather high degree of atelec- 
tasis in all cases The bronchial and broncinolar 
lumens were filled with sloughed epithelial cells 
Patches of peribronclnal infiltration were com- 
posed mainly of mononuclear cells The edema, 
hemorrhage and swelling of the surrounding 
parenchymal tissues seemed to contribute to the 
collapse of the broncinolar system Poly- 
morphonuclear leukocytes, lymphocytes and large 
mononuclear phagocytes were found in the 
alveolar spaces Characteristic cytoplasmic in- 
clusion bodies were found in the bronchial epi- 
thelium in all fatal cases occurring in tins epi- 
demic 

In summaiy, it is noted that clinically, roent- 
genologically and pathologically atypical pneu- 
monia may present two factors commonly de- 
scribed in the pathogenesis of bronchiectasis, 
namely, bronchial and broncinolar infection and 
occlusion as well as the more commonly recog- 
nized condition of interstitial pneumonitis The 
bronchial occlusion, as manifested by areas of 
atelectasis, is demonstrated microscopically by 
the swollen, edematous and ulcerated mucous 
membrane and bronchial plugs of purulent exu- 
date The atelectatic feature of atypical pneu- 
monia is demonstrated in the roentgenogram 
presented in figure 1 D 

THE ROLE or BRONCHIAL OBSTRUCTION AND 
INFECTION IN THE PRODUCTION OF 
BRONCHIECTASIS 

Many theories have been advanced regarding 
the cause and pathogenesis of bronchiectasis 
Some authors still emphasize the congenital 
nature of the disease, but the majority at the 
present time believe that bronchiectasis is ac- 
quired The correlation between bronchial in- 
fection and obstruction with resulting atelectasis, 
and the subsequent development of bronchiectasis 
as demonstrated by careful analysis of case 
records, serial roentgenograms and postmortem 
examinations has suggested this pathogenesis 

18 Adams, J M Primary Virus Pneumonitis with 
Cytoplasmic Inclusion Bodies, JAMA 116 925- 
933 (March 8) 1941 


This relationship was first noted in cases of 
foreign bodies present in the bronchial tree 

Anspach was among the first to stress the 
fact that an unrelieved basal triangular shadow 
indicative of atelectasis following bronchopneu- 
monia in infants is important in the production 
of bronchiectasis He added that only too often 
the patient is discharged from the hospital before 
the roentgen conditions have cleared or before 
additional roentgenograms have been taken, 
even though the temperature is essentially nor- 
mal He stated that in infants a collapsed lower 
lobe that remains atelectatic will reveal some 
evidence of bronchial dilatation within six weeks 
to two months Anspach was able to follow 
100 consecutive patients presenting a small basal 
triangular roentgen shadow, the majority for a 
number of years Eleven died and came to 
necropsy Nine of these deaths occurred in in- 
fancy, within a few weeks after the first pul- 
monary symptoms From necropsy studies and 
also as a result of following other patients with 
serial roentgenograms over a period of years, 
he stated that it is the bronchial or broncinolar 
obstruction with resulting atelectasis that ac- 
counts for the triangular shadow and that under 
certain conditions it may be the precursor of the 
bronchiectasis and not merely an associated 
finding 

Tannenberg and Pinner,^® in an attempt to 
clarify the causative role that bionchial obstruc- 
tion plays in the development of bronchiectasis, 
performed a number of animal experiments, pro- 
ducing bronchial obstruction by intrabronchial 
and extrabronchial methods Simultaneously, in 
part of the experiments a pneumothorax on the 
operative side was produced, to determine whether 
or not the loss of the usually high negative 
intrapleural pressure encountered in atelectasis 
was the actual force causing the bronchi to dilate 
Definite evidence of bronchial dilatation and 
saccular bronchiectasis with roentgen evidence of 
atelectasis were found m rabbits dying not earlier 
than two weeks after the operation The most 
extensive bronchiectasis was noted in rabbits 
which died between the twenty-fifth and the thir- 

19 Anspach, W E (o) Atelectasis and Bronchiec- 
tasis in Children A Study of Fifty Cases Presenting 
a Triangular Shadow at the Base of the Lung, Am J 
Dis Child 47 1011-1051 (May) 1934, (b) Bronchiec- 
tasis, Collapsed Lung, and the Triangular Basal Shadow 
in the Roentgenogram, and Their Inter-Relationship, 
Am J Roentgenol 41 173-183 (Feb) 1939, (c) Roent- 
genologic Aspects of Bronchiectasis, Dis of Chest 9 
24-38 (Jan) 1943 

20 Tannenberg, J , and Pinner, M Atelectasis and 
Bronchiectasis An Experimental Study 

Their Relationship, J Thoracic Surg 11 571-616 
(Aug) 1942 
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tieth postoperative day The presence and main- 
tenance of a pneumothorax on the obstructed 
side did not essentially alter the final result, it 
did not prevent the formation of bronchiectasis 
“Death of many of the rabbits was caused ap- 
parently by a contralateral bronchopneumonia, 
probably the result of intrabronchial aspiration 
of exudate from the bronchiectatic lung,” but 
such areas of bronchopneumonia when uncom- 
plicated by bronchial obstruction never became 
bronchiectatic Similarly, when the bronchial ob- 
struction was not associated with bronchial infec- 
tion distal to the point of obstruction or when 
the obstruction had not become complete, as a 
result of a localized area of bronchial dilatation 
at the site of the obstructing agent sufficient to 
allow bronchial drainage, bronchiectasis did not 
result These experiments suggest that bronchial 


seen in whom symptoms suggestive of bronchi- 
ectasis develop following a protracted course of 
atypical pneumonia, this cause and effect rela- 
tionship should be considered ^ 

In an attempt to determine the permanency and 
extent of the bronchial and bronchiolar damage 
in the 20 cases of bronchiectasis attributable to 
atypical pneumonia, bionchography was repeated 
over a period of two to six months In only 3 
instances in this small series were bronchiectatic 
bronchi noted to resume their normal contour 
and show evidence of clearing (fig 2) The 
bronchiectasis m the remaining 17 patients ap- 
peared to be permanent Because of persistent 
clinical symptoms as well as bronchographic 
evidence of bronchiectasis, 10 of these 17 patients 
have had lobectomies The interval between the 
acute episode of atypical pneumonia and the 



Fig 2 — Reversible bronchiectasis in a patient with atypical pneumonia in September 1943 and again in 
January 1944 Because of symptoms suggestive of bronchiectasis, bronchograms were made on March 15 (A), 
which revealed cylmdnc bronchiectasis confined primarily to the larger bronchi After clinical improvement during 
the next four months bronchography was repeated on July 1 (B), revealing no bronchiectasis A bronchogram 
of the right side was normal 


obstruction and infection are both necessaiy m 
the development of bronchiectasis A coexisting 
pneumothorax did not alter the result This con- 
firms Andrus’ previous expeiiments and his 
assertion that increased negative pressure of the 
pleural space does not exert any significant dilat- 
ing stress 111 the presence of atelectasis 

RELATIONSHIP OF ATYPICAL PNEUMONIA 
TO BRONCHIECTASIS 

So fai it has been shown that bionchial and 
bronchiolar infection and occlusion may occur in 
atypical pneumonia Fuitheimore, other authors 
have shown both clinically and experimentally 
that these two factors may produce bronchiectasis 
Therefore, when a numbei of patients have been 

21 Andrus P M Bronchiectasis An Analysis of 
Its Causes, Am Rev Tuberc 36 46-79 (July) 1937 


operation varied from six to thirteen months 
As will be noted later in the case presentations, 
there was pathologic verification of the irrepara- 
ble bronchiectatic damage to the bronchial tree 
in the lobes resected, substantiating the per- 
manency of the bronchial destruction by the 
previous disease process Blades and Dugan 
have reported pseudobronchiectasis following 
atypical pneumonia which cleared spontaneously 
within two to three months of the acute disease 
Reversible bionchiectasis (pseudobronchiectasis) 
as noted in my 3 cases may occur if the bronchial 
and bronchiolar destruction produced by the 
disease process has not been sufficient to produce 
irrepaiable damage to the bronchial walls All 
gradations of bronchial and bronchiolar damage 

22 Blades, B , and Dugan D J Pseudobronchiec- 
tasis Following At>pical Pneumonia, Bull U S Army 
M Dept, No\ ember 1943, no 70, pp 60-68 
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may lesult, depending on the seventy and the 
duration of the disease process Bionchogiaphi- 
cally such bronchial dilatation is usually cyhnduc 
and confined to^the laigei bronchi Only le- 
peated bionchogiaphic examinations ovei a 
period of months will deteimme when bionchiec- 
tasis is permanent and when it is reversible The 
decision as to operation should be postponed until 
an established diagnosis is made 


essentially uncomplicated The abnormal 
1 oentgen conditions in this gt oup had completely 
disappeaied piioi to bionchogiaphy in all but 2 
cases Except m these 2 cases the bronchograms 
wei e normal These 2 cases are examples of less 
seveie bionchial damage lesultmg fiom atypical 
pneumonia and might be consideied as intei- 
mediate stages m J;he deielopment of bion- 
chicctasis 



Fig 3 — Roentgenogram and serial bronchograms over a period of four months of a patient having atypical ^ 
pneumonia in whicli the roentgen and 'physical abnormalities persisted over a longer period than usually noted 
A, roentgenogram demonstrating a residual pneumonitis in the lingula of the left lung, the site of involvement by 
atypical pneumonia, B, a right anterior oblique bronchogram demonstrating the bronchi of the lingula to be 
slightly dilated and more closely crowded together and to have blunted ends— probably indicative of inspissated 
exudate in an atelectatic lingula , C and D, serial right anterior oblique bronchograms over a four month period 
demonstraUng gradual return to normal of the lingular bronchial tree and filling by iodized poppyseed oil of 
this bronchial segment Physical abnormalities also disappeared at this time 


Bronchogi aphic examinations were peifoimed 
on 15 additional patients who had had atypical or 
viral pneumonia from one to fom months pie- 
viously In some of these patients the couise of 
the atypical pneumonia had been somewhat pro- 
tracted, rales had persisted or there had been 
1 oentgen evidence of atelectasis or unresolved 
pneumonia for some time In the majority of 
these cases, howeier, the couise had been 


The fiist patient was an 18 yeai old white youth 
who was hospitalized July 5, 1943 for atypical pneu- 
monia The temperatui e on admission was 103 F , and 
the white blood cell count was 8,000 Roentgenograms 
taken two days after admission showed pneumonitis 
extending out from the left hilus (fig ZA), but rales 
were not heard until after one week The temperature 
became normal within a week and the patient felt con- 
siderably better, but a nonproductive cough persisted 
for about two months, associated with weakness and 
loss of weight Rales could be heard during this time 
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Fig 4 — Serial roentgenograms and bronchograins of a patient haring atypical pneumonia persisting ovei a 
ongei period than usually noted and giving rise to damaged, dilated and distorted hronchi and hronchioli of the 
ower lobe of the left lung A, roentgenogram demonstrating elevation of the right side of the diaphragm asso- 
nated rrith atelectasis of the lowei lobe of the right lung during an acute episode of atypical pneumonia 5, 
•oentgenogram showing spontaneous improvement of the atelectasis within one week There is also noted roentgen 
widence of pneumonitis in the lower lobe of the left lung and beginning obliterative pleuritis of the left 
mstophremc gutter C, a roentgenogram one month later demonstrating a recurrence of the atelectasis of the 
-ight lower lobe with eleration of the right side of the diaphragm Again, there \\as spontaneous improvement 
,\ithin one week’s time There was increase in the pneumonitis of the left lower lobe over that noted m the roent- 
genogram one month previous!}' (B) D, persistence of the pneumonitis of the left lower lobe for an additional 
month The right side had lemamed clear E, bronchogram demonstrating evidence of bronchial and bionchiolar 
lamage, dilatation and distortion by the pneumonic process Additional bronchograms revealed the right bron- 
:hial tree to be normal F, right anterior oblique bronchogram repeated after a seven week interval demonstrating 
blight increase in the bronchial dilatation Additional bronchograms will subsequent!} be obtained to see whether 
this process is progressive, stationaiy or leversible 
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over the hngular area Serial roentgenograms revealed 
unresolved pneumonia and a questionable atelectasis of 
the lingula for a period of several months The initial 
bronchogram (fig 3J5) demonstrated an atelectatic lin- 
gula with dilated bronchi that were crowded together 
and had blunted ends — ^probably a result of inspissated 
exudate Repeated bronchograms over the next four 
months showed gradual clearing (fig 3 C and D) If 
the bronchial occlusion and atelectasis had persisted in 
this case, bronchiectasis might have resulted 

The second patient was a 51 year old officer who 
was hospitalized for two weeks in November 1943 for 
atypical pneumonia The past history was entirely 
noncontributory His clinical course was typical for 
atypical pneumonia in all respects except that there 
were few symptoms referable to the lungs A roent- 
genogram of the chest taken on November 9 showed 
massive atelectasis of the lower lobe of the right lung 
with an elevated diaphragm and mediastinal shift 
(fig 4 A) By November 16, there had been spon- 
taneous clearing of the lobar atelectasis (fig 4J5), but 
as noted in this roentgenogram there was a beginning 
obliterative pleuritis on the left side Still there were 
no significant symptoms referable to the chest proper 
The patient was returned to duty and felt entirely well 
until December 19, at which time there was a recur- 
rence of s 3 "mptoms There was a severe cough pro- 
ductive of 4 to S ounces (120 to 150 cc) of purulent 
sputum daily and an elevation of temperature to 104 F 
for four days that gradually fell by lysis The patient 
was again hospitalized, and again massive atelectasis of 
the right lower lobe was noted (fig 4C) As before, 
there was spontaneous clearing of the atelectasis within 
a week However, a new pneumonic process was 
noted in the base of the lower lobe of the left lung 
in the roentgenograms taken December 19 Also there 
was an increase in the obliterative pleuritis, resulting 
in an elevation and flattening of the diaphragm on the 
left side This process in the left lower lobe persisted 
for the next month (fig 4D) associated with basilar 
rales on this side However, the productive cough 
disappeared The patient then transferred to Percy 
Jones General Hospital Bronchoscopic examination 
performed Jan 24, 1944 showed an erythematous gran- 
ular mucous membrane with several small superficial 
areas of ulceration in the bronchus of the lower lobe 
of the left lung, while the bronchus of the lower lobe 
of the right lung showed rather extensive ulceration of 
an acute nature with some diminution of the bronchial 
lumen Because of the suggestive evidence of bron- 
chiectasis, bronchograms were taken on January 31 
Damaged, dilated and somewhat distorted bronchi and 
bronchioli as noted in the bronchograms (fig 4E) 
were found The progressive obliterative pleuritis and 
the distortion and dilatation of the bronchi of the lower 
lobe of the left lung over a period of two months 
as noted roentgenologjcally suggested that the under- 
lying process might still be active This probably 
resulted from a combination of bronchial destruction 
and an interstitial fibrosis The patient was reexam- 
ined bronchoscopically on March 11, and complete hem- 
ing of the previous ulcerative bronchitis was noted, 
however, bronchographic examination on March 21 
(fig 4F) showed a slight increase in the bronchial 
dilatation Subsequent bronchograms will be obtained 
later to determine whether this process is stationary, 
progressive or reversible 

Representative cases of patients acquiring 
bronchiectasis following attacks of so-called atyp- 
ical pneumonia will now be presented As pre- 


viously stated, these patients were entirely free 
from pulmonary symptoms prior to the pneu- 
monia — the roentgenograms taken at the time 
of their induction into the Army were normal 
The symptoms and signs of the acute phase were 
typical m every respect, but the subsequent 
courses were either protracted or recurrent The 
majority of the patients had multiple lobar in- 
volvement The initial sites of the pneumonia 
were not always the areas later found to have be- 
come bronchiectatic Rales and roentgen evi- 
dence of unresolved pneumonia persisted A 
productive cough developed, and after several 
months bronchographic examinations revealed 
the presence of bronchiectasis Repeated broncho- 
grams m this group showed that the bronchiec- 
tasis was irreversible This was further con- 
firmed by the microscopic examination of the 
resected lobes 

Case 1 —This patient was a 31 year old white man 
who was hospitalized on Jan 24, 1943 for a cold in 
the head and chest characterized by a temperature of 

102 F , a dry cough, sore throat and general malaise 
The past history was noncontributory Prior to the 
present illness the patient had always been m the best 
of health He had been a champion tennis player and 
had played trumpet in a band During early childhood 
he had had both measles and whooping cough without 
complications The induction roentgenogram (fig 5 A) 
was normal The physical examination revealed rales 
and diminished breath sounds at the base of both lungs 
The white blood cell count was normal Unfortunately, 
no roentgenograms of the chest were taken during this 
hospitalization The temperature gradually returned to 
normal m three days, and the patient was returned to 
duty m five days During the latter part of February 
1943 he again noted a pharyngitis and tracheobron- 
chitis which was associated with cough and increasing 
amounts of purulent sputum This increased over a 
period of two to three months, but be continued duty 
He lost about 20 pounds (9 Kg ) in weight during this 
period Not until he had an acute exacerbation asso- 
ciated with chills did he seek medical attention He 
was hospitalized on May 20, with a temperature of 

103 5 F and an elevation of leukocytes to 20,000 
Physical examination at this time showed diminished ■ 
breath sounds, dulness and rales at the base of both 
lungs posteriorly Serial roentgenograms during the 
following three months showed multiple foci of bron- 
chopneumonia in both the right and the left lung 
(fig SB) After approximately one month, however, 
all but the basilar involvement showed resolution 
(fig 5 C) Because of basilar pneumonitis, the per- 
sistent physical findings and the presence of a produc- 
tive cough, bronchiectasis was suspected Broncho- 
grams were made August 9, which confirmed the clini- 
cal impression of bronchiectasis (fig 5D) The pa- 
tient was then transferred to Percy Jones General 
Hospital Six weeks later bronchography was repeated, 
and again there was revealed the presence of extensive 
cylindnc and saccular bronchiectasis bilaterally With 
conservative therapy the symptoms of bronchiectasis re- 
mained unabated over the next several months A lobec- 
tomy of the lower lobe of the left lung was performed on 
November 10 The postoperative course was unevent- 
ful Microscopically, sections of the removed lung 
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Fig 5 (case 1) — Roentgenograms demonstrating the development of bronchiectasis in a case of atjpical pneu- 
monia A, roentgenogram of a healthy chest at the time of induction into the Army B, roentgenogram taken 
during the acute illness of atypical pneumonia, demonstrating the multiple foci of pneumonic involvement C, 
roentgenogram taken one month after B, demonsti atmg persistence of the pneumonia at the right cardiophrenic 
angle and the base of the left lung Evidence of unresolved pneumonia remained in these areas D, broncho- 
grams made prior to the patient’s transfer to this hospital, demonstrating the development of bilateral basilar 
bronchiectasis at the sites previously illustrated as showing CMdence of failure to resoKe Subsequent broncho- 
grams showed no change in the degree of bronchiectasis 



Fig 6 (case 2) — Roentgenograms demonstrating the development of bronchiectasis in a case of atjpical pneu- 
monia A, roentgenogram taken Feb 12, 1943, demonstrating a new focus of pneumonia at the right cardiophrenic 
angle and a recurrence of the pneumonia at the base of the left lung B, roentgenogram taken four months after 
the previous one, demonstrating the persistence of pneumonitis at the base of the left lung C, bronchogram 
made Aug 20, 1943, demonstrating the development of bronchiectasis at the preiious site of unresohed pneu- 
monia Subsequent bronchograms showed no change 



100 


ARCHIVES OF INF ERR AL MEDICINE 


tissue showed greatly dilated bronchi and bionchioli 
There was pronounced inflammatory thickening of then 
walls and of the surrounding parenchyma The lumens 
contained a purulent exudate The epithelial lining 
was infiltrated with poly^morphonuclear leukocytes The 
musculans could scarcely be identified as such except 
for short fragments of degenerated fibers The con- 
nective tissue support w'as similarly incomplete, van- 
able m amount and hyalinized The largest component 
of the wall appeared to be the granulomatous infiltra- 
tion The peribronchial aheoh w'ere atelectatic and 
densely infiltrated with hmphocytes and histioc%tes 
Many of the alveolar lumens w’ere obliterated, and 
others were filled with a purulent exudate 


Ihc wdule blood cell count on admission w'as S,10g 
but in six davs it became elevated to 27,900 and grad’ 
tially subsided to normal over a period of two weeks 
riic temperature dropped to normal withm seventy 
two hours The initial roentgenogram, on February 3, 
showed mottled densities m the lower lobe of the left 
lung suggestive of atypical pneumonia By February 
10, tlie chest was reported as clear roentgenoiogicallv , 
but within two days there was evidence of a new pneu- 
monic process at the right cardiophremc angle (fig 6 A) 
as well as recurrence in the base of the left lung 
The patient at this time clinically had an exacerbation 
of his illness, with a temperature of 104 F for several 
day s The roentgen examination on Feberuary 25 again 



Fig 7 (case 3) — ^Roentgenograms demonstrating the development of bronchiectasis m a case of atypical 
pneumonia A, healthy chest at the time of induction into the Army F, multiple foci of pneumonic involve- 
ment C, clearing of the pneumonia in the left pulmonary field but persistence over a period of several months 
at the right cardiophremc angle, with some evidence of atelectasis at this site D, B and F , serial broncho- 
grams over a period of four months, demonstrating no change in the degree of bronchiectasis of the lower 
lobe of the right lung 


Case 2 — ^This patient was a 21 year old white man 
The past history was noncontributory except that dur- 
ing early childhood he had had measles, mumps chicken- 
pox, whooping cough and scarlet fever He had had 
no pulmonary complaints prior to the onset of the 
present illness The induction roentgenogram showed 
normal pulmonary conditions About the middle of 
January 1943 he contracted a cold m the chest charac- 
terized by an unproductive cough, sore throat, fever 
and night sweats After three weeks the temperature 
suddenly rose to 104 4 F He was hospitalized on 
February 2, and an initial diagnosis of atypical pneu- 
monia of the lower lobe of the left lung was made Ex- 
amination showed slightly impaired breath sounds and 
fine moist rales at the base of the left lung posteriorly 


showed pneumonia at the base of the left lung, and 
the patient continued to have impaired breath sounds 
and rales at the base of this lung posteriorly up to the 
time of discharge from the hospital on March 3 He felt 
well generally, but about April 1 he began coughing 
and raising increasing amounts of greenish yellow 
purulent sputum He now complained of general de- 
bility'’, and his weight dropped from 146 to 120 pounds 
(66 2 to 544 Kg) On May 30 he again had a 
flare-up of the pulmonary symptoms characterized by 
dull pain in the left side of the chest, fever and a more 
pronounced productive cough He was again hospital- 
ized The temperature remained around 100 F for 
several days, and the w'hite blood cell count vv'as 12,600 
Roentgenograms taken on June 5 again showed the 
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pneumonic process at the base of the left lung (fig 6 5) 
The patient was then transferred to Percy Jones Gen- 
eral Hospital Bronchograms taken on August 20 
showed bronchiectasis of the lower lobe of the left lung 
(fig 6 C) Bronchoscopic and postural drainage gave 
the patient temporary relief from the chronic cough 
and sputum, but the symptoms soon recurred Con- 
sequently, after it was determined that the patient’s 
symptoms of bronchiectasis were not going to be re- 
lieved by conservative management, a lobectomy of the 
lower lobe of the left lung was performed on Novem- 
ber 19 The pathologic sections of the resected pul- 
monary tissue revealed severe chronic inflammation of 
the bronchi and peribronchial tissues There were 
irregular, wide, branching dilatations of the bronchial 
lumens and formation of numerous polypoid projections 
of inflamed mucosa extending into them More deeply 
there was complete destruction of the muscularis and 
replacement by fibrous scar tissue infiltrated with 
lymphocytes, plasma cells, histiocytes and some eosino- 
phils The peribronchial alveoli were atelectatic, and 
their septums were moderately infiltrated in the same 
manner as the bronchi 

Case 3 — This patient was a 22 year old white man 
who in February 1943 contracted a cold in the chest 
associated with fever, general malaise and a productive 
cough The past history was entirely noncontributory 
except for the fact that fourteen teeth had been ex- 
tracted during the preceding six months under local 
anesthesia The induction roentgenogram (fig 7 A) 
was normal There was no evidence roentgenologically 
or bronchoscopically of the presence of a foreign body 
causing bronchial obstruction The symptoms were not 
^ severe enough for him to seek medical attention Dur- 
ing the next two months he had a moderate cough 
and raised variable amounts of sputum Some days 
there would be none The cough was worse when he 
was lying down and particularly at night The appe- 
tite became poor, and the patient lost weight He was 
hospitalized on April 23, 1943 The white blood cell 
count on admission was 10,300 Physical examination 
showed rales and slightly impaired breath sounds at 
the base of both lungs The temperature was ele- 
vated to around 100 F daily for several weeks A 
roentgen examination April 28 showed bilateral pneu- 
monia (fig 7 5), particularly at the right cardiophrenic 
angle After several weeks the left side of the chest 
cleared, but varying degrees of pneumonitis and atelec- 
tasis persisted at the right cardiophrenic border for 
the next four months (fig 7 C) After three weeks’ 
hospitalization the cough and sputum greatly dimin- 
ished On June 14 a small hemoptysis occurred Be- 
cause of the persistent roentgen evidence of pneumonitis 
and the chronic productive cough the patient was 
transferred to Percy Jones General Hospital on August 
15 Bronchogiams made on August 20 showed bron- 
chiectasis of the lower lobe of the right lung (fig 7 5) 
The left lung showed normal bronchial markings 
During the latter part of August the patient had an 
acute exacerbation of his bronchiectasis, characterized 
by a temperature of 102 F and a pronounced increase 
m the cough and purulent sputum The patient had a 
bronchoscopic examination at this time A purulent 
exudate covered the mucosal surface of the right main 
stem bronchus The mucous membrane was swollen 
and inflamed, particularly about the secondary orifices 
of the bronchus of the lower lobe of the right lung, 
causing partial obstruction The mucous membrane 
about the orifices was thoroughly sponged with a solu- 
tion of tetracaine and epinephrine hydrochloride After 
bronchoscopic drainage, the sputum increased for sev- 


eral days and then practically disappeared For the 
past four months this patient has been entirely asymp- 
tomatic In order to determine whether the bronchiec- 
tasis might have cleared, bronchography was repeated 
on two occasions over a period of four months No 
change in the degree of bronchiectasis was noted, as 
demonstrated m the bronchograms (fig 7 E and F) 
This patient is probably in a dry phase of the bron- 
chiectasis, a period during which infection and result- 
ing sputum are at a minimum Because of the complete 
absence of signs and symptoms, lobectomy has been 
postponed 

Case 4 — ^The patient was a 19 year old white youth 
whose past history was entirely noncontributory There 
had been no childhood diseases and no previous attacks 
of pneumonia The induction roentgenograms were 
normal On Feb 8, 1943 there developed an acute 
nasopharyngitis and laryngitis with a temperature of 
103 F The white blood cell count was 6,700 Physi- 
cal examination showed impaired breath sounds in 
the base of the left lung posteriorly and occasional 
rales Roentgenograms were not taken until February 
22, and by this time the chest was clear roentgeno- 
logically The patient was discharged to duty on Feb- 
ruary 26, but he continued to cough and on March 3 
a left pleural pain developed He was again hospital- 
ized, on March 7 The temperature was elevated to 
100 F for several days and then not over an occa- 
sional 99 F for the next several months Physical 
examination of the chest at this time revealed rales 
and a friction rub at the base of the left lung Roent- 
genograms taken on March 8 showed pneumonia at the 
base of this lung Subsequent roentgenograms showed 
a definite shift of the mediastinum to the left and a 
question of a triangular shadow at the left cardio- 
phrenic angle During this hospitalization the cough 
became severe and was productive of increasing amounts 
of purulent sputum, up to 4 to 5 ounces (120 to 
150 cc ) daily On May 17 bronchograms revealed 
extensive tubular bronchiectasis in the lower lobe of 
the left lung The patient was then transferred to 
Percy Jones General Hospital Bronchographic exami- 
nation was repeated June 8 and showed no improve- 
ment in the bronchiectasis During this period the 
patient's cough, sputum and general condition became 
progressively worse A lobectomy was performed on 
the lower lobe of the left lung on July 27 The patho- 
logic examination revealed a diffuse process involving 
the bronchi and alveoli The bronchial epithelium was 
pseudostratified and lay on a loose stroma of edematous 
granulation tissue The bronchial musculature was 
almost entirely destroyed A few remaining scattered 
islands of cartilage were noted, but the normal archi- 
tecture had been totally altered Occasional focal de- 
posits of lymphoid tissue were seen in the bronchial 
submucosa The outer wall of these dilated bronchi 
lay immediately against the parenchyma The alveolar 
parenchyma was considerably reduced in volume by 
the interstitial fibrosis and the dilated bronchi and by 
atelectasis which was generally severe, leading to 
nearby complete airlessness The alveolar lumens in 
general were either greatly contracted or filled with 
desquamated epithelium "The interstitial process was 
both fibrous and lymphohistiocytic 

Case 5 — ^The patient was a 21 year old 'white man 
Except for rubella and the usual number of colds, his 
past history was entirely noncontributorj^ The induc- 
tion roentgenogram was normal On January 19, 1943, 
the patient contracted a cold in the head Two weeks 
later he was hospitalized, with a temperature of 103 F , 
sore throat, a cough productne of bloody sputum and 
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general malaise Unfortunately, roentgenograms were 
not taken during this hospitalization After three or 
four days the patient was asymptomatic, and in one 
week he was returned to duty The cough persisted, 
and pain in the lower left part of the chest developed 
On April 6 he applied for Officers Candidate School 
A roentgenogram taken at this time showed pneu- 
monitis in the lower lobe of the left lung, for which 
he was again hospitalized The diagnosis at this time 
was atypical pneumonia of the lower lobe of the left 
lung Physical examination showed impaired breath 
sounds and rales in this area The temperature was 
101 F and the white blood cell count 7,100 Cough 
and purulent sputum steadily increased, and on April 
21 bronchograms revealed bronchiectasis in the left 
lower lobe The patient was then transferred to Percy 
Jones General Hospital A second bronchogram, made 
on June 7, showed no improvement in the bronchiec- 
tasis, and clinically there was no alleviation of the 
symptoms A lobectomy was performed on July 1 
The pathologic examination of tlie removed lobe re- 
vealed complete consolidation of large areas as a result 
of extreme inflammation of bronchi and peribronchial 


eral malaise occurred, for which he was hospitalized 
Physical examination showed roughened breath sounds 
and rales at the base of both lungs but no evidence of 
dulness The white blood cell count on January 18 
was 11,200 and by January 25 had returned to 7,400 
The sputum showed no significant organisms other than 
the usual bacterial flora The first roentgenogram 
following the patient’s admission to the hospital showed 
bilateral basilar bronchopneumonia (fig 8^) The 
fever subsided after four or five days except for an 
occasional afternoon elevation to 99 to 99 4 F The 
cough became more productive over a period of the 
next several months Rales and increased dulness at the 
base of the left lung posteriorly were constantly observed 
The right-sided basilar pneumonitis showed roentgen 
evidence of clearance after three weeks, but the density 
at the base of the left lung fluctuated as to both seventy 
and extent of involvement for tlie next three to four 
months, as shown in figure 8B Platelike areas of 
atelectasis were noted in the pulmonary field o\erlying 
the left part of the diaphragm that disappeared and 
recurred periodically during this time Because of 



Fig 8 (case 6) — De\elopment of bronchiectasis in a case of atypical pneumonia A, original roentgenogram 
at the onset of atypical pneumonia, demonstrating bilateral basilar pneumonitis B, roentgenogram taken three 
weeks later, demonstrating clearing of the pneumonia in the right lung but persistence at the base of the left lung 
for the next two months C, bronchogram demonstrating the development of bronchiectasis at the previous site 
of unresolved pneumonia 


alveoli, together with pronounced atelectasis The en- 
tire bronchial wall in places was destroyed and repre- 
sented by merely a thick layer of inflammatory tissue 
composed largely of lymphocytes, plasma cells, histio- 
cytes, polymorphonuclears and eosinophils The bron- 
chial epithelium was present but was abundantly 
infiltrated with polymorphonuclears and in many places 
had undergone desquamation Within the inflamed mu- 
cosa and submucosa were innumerable newly formed 
dilated blood vessels Only scattered strands of the 
muscularis were identified The adjacent alveoli showed 
interstitial infiltration of similar type to that of the 
bronchi Within the larger inflamed bronchi, the exu- 
date was massive and filled them completely The 
alveolar parenchyma between the bronchi exhibited 
considerable desquamation of alveolar epithelium, espe- 
cially m atelectatic areas 

Case 6 — ^This patient was a 26 year old white man 
who during infancy had had measles but otherwise had 
enjoyed excellent health The induction roentgeno- 
gram was normal On Jan 10, 1943 he contracted a 
cold in the chest associated with cough and sputum 
Five days later chills, temperature of 102 F and gen- 


these observations, bronchographic examination was 
performed, which revealed extensive saccular bronchiec- 
tasis in the lower lobe of the left lung and the lingula 
(fig 8 C) The patient was then transferred to Percy 
Jones General Hospital After a period of approxi- 
mately SIX weeks, bronchographic examination was 
repeated No improvement m the degree or seventy 
of the bronchiectasis was noted The symptoms re- 
mained unabated Consequently a lobectomy and lin- 
gulectomy were done on May 30 The significant 
pathologic conditions of the resected pulmonary tissue 
were as follows The microscopic sections revealed 
rather pronounced interstitial inflammation and fibrosis 
involving the perbronchial tissues and associated with 
decided dilatation of the bronchi In addition there 
was considerable atelectasis, which in places was com- 
plete The bronchoarterial sheaths showed abundant 
fibrous thickening and moderate cellular infiltration of 
plasma cells, lymphocytes and occasional eosinophils 
The peribronchial and periarterial inflammation ex- 
tended down to the smallest bronchus The basic 
lesion here appeared to be interstitial, being confined 
chiefly to the peribronchial regions Moderately ex- 
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tensi-ve saccular ana c^lmdnc bronchiectasis vas 
present 

Case 7 — ^This patient v as a 25 j ear old v. hite man 
The past historj' v.as noncontribatory except for 
measles, v,hoopmg cough and chickenpox as a child 
and pneumonia at the age of 16 v. ithout sequelae. The 
induction roentgenograms v ere normal On Feb 8, 
19^3 he contracted a cold in the head and chest char- 
actenzed by fever, coagh, blood-tinged sputum, sore 
throat, nasal discharge ana general malaise. Physical 
exammation at that time re\ealed a nasopharyngitis, 
but the chest ■vs as normal The temperature v as 103 F 
and the vhite blood cell count 4^800 On the following 
day on the basis of a roentgenogram of the chest a 


weeks but recurrea around Aprd 1, 19-3 The amount 
of sputum mcreased to the extent of 2 to ^ ounces 
(60 to 120 cc) dailv Because of the persistence of 
this productive cough bronchograms were made on 
September 9 Extentive bronchiectasis of the lower 
lobe and lingula of the left lung vas demonstrated 
The patient v» as then transferred to Percy Jones Gen- 
eral Hospital Bronchographic exarmnahon on Octo- 
ber 10 and Xov ember 18 (fig 9) shoved no alleviation 
of the bronchiectasis Because of the previous em- 
pvema, lobectomy has been dela 5 'ed 

Representative case histones are presented of 7 
of the 17 patients seen at this hospital whose 



Fig 9 (case 7) — Serial bronchograms over a penod of three months acmonstrating no change in the degree 
of bronchiectasis during this time in a patient who prevnousK had had atvpjcal pneumonia 


diagnosis of atvpical pneumonia of the base of the 
left lung V' as made On Februarv 10 rales v ere 
first heard in this area The sputum shov ed only tne 
normal bacterial flora Bv March 2 a new pneumonic 
process appeared in the upper lobe of the right lung 
but there v as cleanng m this area after sev eral w eet s 
Soon thereafter left-s’ded pleural effusion developed 
This effusion remained sterile for approximatciv sr>' 
V eeks and tlien graduallv* became thickened The white 
blood cell count at this time was 2- 000 Culture nov 
^ shoved a hemolvtic streptococcus The empvcma vas 
dramed on Annl 4 After drainage ateiectasis of the left 
lung was noted, which persisted for sev eral months Com- 
plete healing of the empvema occurred bj ,-vugust 
Ttie imtial productive cough suDsided after several 


bronchiectasis as far as can be determined, 
follow ed an attack of atv'pical pneumonia. Their 
attacks of atvpical pneumonia were prolonged, 
and continuance of a productiv e cough and roent- 
gen evidence of pulmonary pathologic conditions 
led to bronchographic examination and estab- 
lishment of tlie diagnosis of bronchiectasis 
Bronchographic examinations w ere repeated ov er 
a period of two to six months to rule out pseudo- 
bronchiectasis Pathologic examination of the 
lobes resected proved the permarenev and irrc- 
V ersibilitv' of the condition 
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In view of the laige number of patients who 
have had atypical pneumonia without complica- 
tions, the incidence of secondary bronchiectasis 
IS undoubtedly small ^It cannot be too strongly 
emphasized, however, that continued rest m bed 
should be insisted on until all evidences of pul- 
monary infection have disappeared as determined 
both roentgenologically and by physical exami- 
nation Van Ravenswaay stated that the sedi- 
mentation rat4 is a reliable index as to activity in 
such cases When the atypical pneumonia runs a 
protracted course, and particularly when it is 
associated with roentgen evidence of unrelieved 
atelectasis, all measures should be taken to relieve 


the bronchial obstruction and atelectasis Such 
agents would consist of expectorants, steam and 
menthol inhalations and postural drainage If 
these fail, bronchoscopic aspiration should be 
done, at which time the edematous ulcerated 
membrane could be shrunken with epinephrine 
hydrochloride If the productive cough per- 
sists, bronchiectasis should be suspected and 
bronchograms should be made 

Twenty-one of the entire group of 45 patients 
with bronchiectasis have had lobectomies, with 
complete relief of symptoms There was no 
operative mortality 
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“Coriection charts” by which the observed 
values foi the sedimentation rate are supposed 
to be corrected are used in many hospitals and 
by many practitioners in the United States The 
scientific background of these correction charts is 
rather dubious I began to check this scientific 
background aftei observing some instances in 
which in spite of a coriect technic and a coriect 
use of the correction chart the value calculated 
for the sedimentation rate was “negative ” 
When I asked workers in laboi atones in New 
York, Chicago and San Fiancisco about their 
experience in this respect, the reply was that 
several of them also remembered cases in which 
the value for the sedimentation late was found 
to be “negative” after “correction” with a cor- 
lection chart Osgood^ likewise observed such 
lesults At my request Dr E Moss put at my 
disposal the reports of the determinations of the 
sedimentation rate made in the laboratory of 
hematology of the Charity Hospital of Louisiana 
in New Orleans These were made by skilful 
technicians Deteiminations made in the small 
laboratories of the wards were not included The 
results of 490 determinations of the sedimentation 
late weie repoited Of these, not less than 28 
(5 7 per cent) showed a “negative” value after 
correction with Wintrobe and Landsberg’s 
chait 

It IS obvious that a method which gives such 
absurd results m 5 7 per cent of cases must be 
regarded as unieliable It is instructive, how- 
evei, to tiy to retrace the pseudoscientific back- 
ground of these correction methods The first 
correction chart was constiucted m 1928 by 
Gram,- whose name is also connected with the 
well known staining method The leading 
thought of Gram was that the reading of the 
sedimentation late would be more coirect if he 
excluded the influence of a reduction of the 
er3i;hiocytes below normal To construct the 

1 Osgood, EE A Textbook of Laboratorj' Diag- 
nosis, ed 3, Philadelphia, The Blakiston Company, 1940, 
p 255 

2 Gram, H C Acta med Scandinav 68 108, 1928 


chart, he altered the cell volume percentage of 
normal blood by addition of normal plasma in 
order to obtain samples with hematocrit readings 
between 26 and 40 volumes per cent Two yeais 
later (1930) Rourke and Ernstene® tiied to 
impiove Gram’s correction chart by the same 
sort of pioceduie, but by adding only so much 
normal plasma to the normal red blood cells that 
the hematocrit leading became 45 Moreover, 
they used heparin as an anticoagulant and warned 
that then chart was constructed only for hepaim- 
ized blood and not for blood mixed with other 
anticoagulants Five years later (1935) Win- 
trobe and Landsberg ^ attempted a third correc- 
tion Their chart had the advantage that it was 
constiucted for readings of the sedimentation 
late at the end of one hour It did not require 
Rourke and Ernstene’s time-consuming recording 
of degrees of settling at frequent intervals, which 
has, indeed, no practical value, m my opinion 
Oxalated blood was diluted with increasing 
quantities of its own plasma In this way six 
to nine dilutions were made of each sample of 
blood and 21 experiments were carried out, with 
the blood of 13 normal men and 8 normal women 
The accui acy of this chart was tested with patho- 
logic blood, obtained from 31 patients suffering 
from varying degrees of anemia The sedimenta- 
tion rate and the hematocrit-readmg were deter- 
mined This was repeated after concentration 
of the blood by withdrawal of plasma (Details 
may be found m the original article ) The re- 
sults were compaied with the readings obtained 
from the chart constructed as has been described 
The conclusion was “It will be seen that the 
coi relation, although not perfect, is nevertheless 
quite high ” This conclusion sounds too opti- 
mistic if one checks the readings Also this 
method of testing the accuracy of a chart is 
questionable When Wmtiobe and Landsberg’s 
tables aie checked, it appears that m the 45 com- 

3 Rourke, M , and Ernstene, A J Chn Investiga- 
tion 8 545, 1930 

4 Wintrobe, M , and Landsberg, T Am T M Sc 
189 102, 1935 
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pansoiis of patients’ blood with noimal blood, 
not less than 11 subjects, that is, about 24 per 
cent, had a ditfeience in the leadings of the 
sedimentation rate of 9 mm oi more (9 to 22 
mm ) With such differences one is not justified 
in calling the coi/elations “quite high ” On the 
contiary, such lesults suggest that the correction 
charts are not lehable 

The unreliability of this method of testing the 
accuracy of a chart and the uniehabihty of the 
“correction chart’’ itself aie probably due to 
the fact that the influence of the plasma proteins 
in normal and m pathologic blood is not suffi- 
ciently appieciated The method would be 
lehable if only the heinatociit reading of patho- 
logic blood were dilTeient from that of normal 
blood Howevei, increases of the percentage of 
globulin and of fibrinogen in pathologic blood 
are the mam factors of an increased sedimenta- 
tion late Disiegard of these impoitant factors 
is the reason that charts constructed on such a 
basis are doomed to give unieliable results 

From still another angle the cohstrfiction of 
correction charts creates doubts They are based 
on the premise that anemia causes an increase 
in the sedimentation rate Theiefore, they are 
constructed by figuies obtained by dilution of the 
red cells of a normal blood by its own plasma 
However, the premise that anemia increases the 
sedimentation late does not hold good for all 
sorts of anemia, which proves that the funda- 
mentals on which the whole construction is built 
are questionable In New Oileans, -where many 
persons with the sickle cell trait and with sickle 
cell anemia aie obseived among the Negro 
population. It IS a well known fact that the sedi- 
mentation rate is low if a great percentage of the 
red cells are sickled Winsor and Buich ° could 
confirm the findings of Bunting,® who stated that 
sickled erythrocytes often remained almost un- 
sedimented after one hour Winsor and Buich 
emphasized the influence of caibon dioxide on 
the shape of the led cell in sickle cell anemia 
and showed the diagnostic value of this influence 
This, again, is probably an indirect influence of 
a chemical component of the plasma (HCOg 
ion) on the sedimentation rate, m this case m 
a direction opposite to that of the influence of 
increased globulin and fibrinogen It is another 
warning that it is not peimissible to disregard 
the chemical composition of the plasma in patho- 
logic conditions, which may be quite independent 
of the degree of anemia Whereas sickle cell 
anemia may show a low sedimentation rate, per- 
nicious anemia, if uncomplicated, sometimes may 

5 Winsor, T , and Burch, G Personal communica- 
tion to the author 

6 Bunting, H Am J M Sc 198 191, 1939 


show a normal sedimentation rate duiing the 
stage of anemia, although, as a lule, the late is 
lapid liowevei, this possibility constitutes an- 
othei argument against the fundamentals on 
which the coirection charts aie constructed 

That it IS not so much the number of red cells 
per cubic millimeter as the ladius of the red 
cell aggiegates which determines the velocitj of 
the sedimentation late was pointed out by 
Fahiaeus, the originator of the determination of 
the sedimentation rate But this radius of the 
led cell aggregates depends on pioperties of the 
blood plasma This can be demonstiated clearly 
by the following test If erythiocytes from blood 
with a high sedimentation rate are suspended in 
plasma from a pet son nith a low sedimentation 
late, they settle at a louei late For this test 
one can use the erythrocytes of a pregnant 
woman and the plasma of a newborn infant 

Rourke and Ernstene tried to defend the con- 
stiuction of their conection chart with an ap- 
peal to the mathematician Cunningham ^ 
Stoke’s law about falling objects was investi- 
gated by Cunningham' in 1909 He stated that 
the velocity of a falling object decreases in the 
presence of other falling objects However, in 
reading Cunningham’s oiiginal article one finds 
no support for the construction of a correction 
chart Only this may be concluded from Cun- 
ningham’s investigations that the increased 
sedimentation rate of an aggiegate of red cells 
would be still higher if one could exclude the 
influence of adjacent aggregates of red cells 

As far as the optimum length and dianietei 
of the pipets are concerned, greatly vaiying 
conceptions are defended A sad consequence 
of these controversies is that the results of sev- 
eial investigators cannot be compaied accurately 
I tried to find a solution foi this problem by 
comparing the lesults obtained with pipets of 
vaiying lengths and tube diameters in combi- 
nation with diffeient kinds and varying dilutions 
of anticoagulants The final decision was that 
longei pipets are preferable to the short ones 
now in vogue This choice was made for three 
reasons First, with a pathologically increasing 
sedimentation rate the plasma column is corres- 
pondingly much laiger in the longei tubes, and 
thus pathologic results may be observed with 
more certainty This is often of great value in 
dubious cases and especially in following the 
course of an individual case Second, when the 
longei pipet, to be described here, is employed, 
it IS possible to take advantage of the mass of 
statistics already compiled for the use of the 

7 Cunningham, E Proc Roy Soc, London, sB 
83 357, 1909 
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Westergren pipet, as will be demonstrated later 
Third, in cases with a very high sedimentation 
late it IS often impossible to measure the rate 
when a short pipet is used In such instances 
the opportunity for comparing results of suc- 
cessive determinations, often impoitant m undei- 
standmg the couise of the disease, is completety 
lost 

To the advantage of sufficient length, I tried 
to add in the same pipet another advantage, a 
diameter which would permit the use of both 
^enous and capiUaiy blood This is m contrast 
with Westergren’s pipet, the diameter of which 
(2 5 mm ) does not permit the use of capillai}^ 
blood The advantages of the possibility of 
using capillary blood for determination of the 
sedimentation rate are important and often in- 
sufficiently appreciated in the liteiature 

In a previous paper ® I pointed out the well 
known fact that m a small, but not negligible, 
numbei of patients venipunctuie is not practi- 
cable Osgood ^ discussed this objection as fol- 
lows “This [objection] is valid and the older 
methods should be used on certain children and 
obese patients with small veins ” However, m 
the case of the measuiements of the sedimentation 
late, suitable older methods of venipuncture do 
not exist If venipuncture of the basilic or 
cephalic vein at the elbow of obese patients is 
impracticable, other veins, such as those at the 
ankle, are often also unfit for venipuncture If 
the difficulty aiises in childien, blood may be 
obtained from the superioi longitudinal sinus 
before the closing of the anterior fontanel or 
fiom the jugulai vein Howevei, many ph}-- 
sicians dislike taking the iisk of punctuie of 
^ems m the neighborhood of the brain or of 
impoitant ceivical blood vessels and neries 
Foi these leasons deteimmation of the sedi- 
mentation rate is not infrequently omitted in 
cases m which this procedure would have been 
of great value and could have been successfully 
cairied out with a pipet suitable foi the use of 
capillary blood All the pipets commonly used 
at this time in the United States for the detei- 
mmation of the sedimentation late are, accord- 
ing to their constiuction and diiecttons for use, 
designed foi venous blood It seemed desirable,*" 
theiefoie, to try to peifect a pipet suitable foi 
the use of both venous and capillaii^ blood The 
choice of the diametei of this new pipet vas 
limited b} se^eral factois A diametei of less 
than 1 mm could not be used because of the 

8 Peters, J T Estimation of the Renal Function, 
with Aid of lodosccreton Index and New Ureosecre- 
torj Index, Arch Int I^Icd 67 345 (Feb') 1941 

9 Osgood, 1 p 461 


effect of a too strong capillaiy attraction (Bur- 
ger On the other hand, a diametei of more 
than 1 2 mm could not be used m a pipet 
adaptable for both capillary and venous blood 
because of the difficulty m letainmg enough 
capillary blood to fill the tube Moreover, it 
was important to choose a diametei with which, 
other things being equal, lesults would approxi- 
mate those obtained with the A¥estergien pipet, 
the diameter of which is 2 5 mm Foi this pm - 
pose leadings of the sedimentation late of 
30 patients made with pipets having diameters 
of 1 2 and 2 5 mm respectively were compared 


Results Obtained with 2 5 Mvi (Wastei gi cn) and with 
1 2 Mm Pipet 


Case 

Pipet 

2 5 Mm 
m Diam 
eter 

Pipet 

12 Mm 
m Diam 
eter 

Case 

Pipet 

2 5 Mm 
in Diam 
eter 

Pipet 

1 2 Mm 
m Diam 
eler 

1 

7 

8 

16 

14 

14 

2 

5 

5 

17 

13 

13 

3 

6 

6 

18 

5 

5 

4 

4 

4 

19 

0 

6 

5 

20 

23 

20 

8 

9 

6 

9 

10 

21 

3 

2 

7 

8 

7 

22 

4 

5 

8 

20 

17 

23 

3 

S 

9 

10 

13 

24 

14 

15 

10 

9 

11 

25 

11 

11 

11 

6 

6 

26 

9 

9 

12 

10 

11 

27 

2 

2 

13 

2 

2 

28 

20 

21 

14 

15 

16 

29 

2 

2 

15 

5 

5 

SO 

20 

20 


The accompanying table shows that diffei- 
ences m results obtained with the two types of 
pipets aie so small that the limits of noimal as 
accepted for the Westergren pipet (2 5 mm in 
diametei ) are undoubtedly also valid for the pipet 
of 1 2 mm diameter Also for pathologic values 
the results are practically the same As a result of 
these investigations a new pipet was made with a 
length of 30 cm and a diametei of 1 2 nun It 
fits 111 the Westeigien racks It is also used 
for the preparation of a 4 1 dilution of the 
blood with a 3 8 pei cent sodium citiate solution 
It IS filled eithei ivith lenous blood by suction 
or with finger tip blood by capillaiy action The 
plasma column is measured with a millimelei 
luler It has only four maiks More divisions 
were found to be supeifluous 

It would facilitate the conipaiison of the 
ralues foi the sedimentation rate obtained wnth 
different pipets if there w^ere one generally ac- 
cepted set of standaid leadings Ever} one who 
wished to continue to use his faiorite pipet 
could standardire his model with the standard 
readings I spoke with man} teachers and 

10 Burger, H A.rch need dcpinsiol 15 565 1930 
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practitioners who complained seriously that at 
the present time accurate comparisons between 
results obtained with different pipets are not 
possible because of the varying “normal” values 
for different pipets It is probable that the 
“Westergren normal” values will be chosen for 
this purpose, e g, by an international medical 
section of a postwar league of nations, because 
the Westergren pipet is by fai the most com- 
monly used throughout the world With this 
pipet the largest number of values for the sedi- 
mentation rate has been collected for nearly 
every disease Other pipets, each of which may 
have important advantages as well as disadvan- 
tages, have only local adherents If all were 
standardized as just mentioned, it would be 
easy to decide which are the best ones As far 
as the “Westergren normal values” are con- 
cerned, there is only discord among the investi- 
gators for certain age groups, namely for the 
age periods below and above 65 years It 
will be the task of a “standardization commis- 
sion” to check these claims For the time being, 
it seems advisable to admit two exceptions The 
“Westergren normal values” may then be 
summed up as follow s The normal sedimenta- 
tion rate, that is, the distance in millimeters 
which the red cell column falls in one hour, is 
1 to 10 mm for men and 3 to 15 mm for 


women Excepted from this rule are values for 
subjects in the age groups between 1 month 
and 354 years and above 65 years, wdiich may 
reach 20 mm 

CONCLUSIONS 

The only safe and sound solution of the prob- 
lem of “coirection” of values for the sedimenta- 
tion rate is to discard all correction charts and 
to evaluate the observed sedimentation rate by 
comparison with the clinical picture, since one 
knows from a large body of statistics how the 
sedimentation rate is usually affected in differ- 
ent diseases Recording of degrees of sedimenta- 
tion at frequent intervals is only time consuming 
and gives no moie information than a reading at 
the end of one hour Determinations of the sedi- 
mentation rate need no longer be omitted if veni- 
puncture IS not practicable, since a pipet can be 
made which is suitable for both venous and 
capillary blood A long pipet is far preferable 
to a short one Normal and pathologic values 
of the sedimentation rate are practically the 
same whether obtained with the Westergren 
pipet, which IS 2 5 mm in diameter, or with a long 
pipet 1 2 ram in diameter, which peimits the 
use of either venous or capillary blood Thus 
one may profit from statistics compiled from 
millions of leadings made with the Westergren 
pipet 
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Hypennsulinism is a broad general subject, 
touching on the fields of endocrinology, carbo- 
hydrate metabolism and neuropsychiatry Fur- 
thermore, this condition presents itself in all 
degrees of intensity Functional hypennsulinism 
with mild hypoglycemic symptoms arising 
between meals or following mild exercise is 
common, but functioning tumors of the pancreatic 
islet tissue are uncommon, and even less common 
are growths which have been successfully re- 
moved at operation These small adenomas of 
the islets of Langerhans produce recurrent 
seveie hypoglycemic reactions, which at first 
yield to progressive increases of the intake of 
carbohydrates, but are finally cured only by the 
surgical' removal of the adenoma The present 
IS a report of 2 cases of adenoma of the islets of 
Langerhans in which the tumors were removed 
surgically, with successful control after operation 

REPORT OF CASES 

Case 1 — History — The patient, a single white 
woman 24 years of age, was born and reared in North 
Carolina She spent a normal childhood and had no 
severe illnesses She did creditable school work, was 
graduated from high school and took one year of post- 
graduate secretarial work It may be worthy of note 
that she never obtained “steady employment ” Socially 
she was well adjusted, but she was regarded as some- 
thing of a “tomboy” and repeatedly stated that she 
wished “she had been born a boy” There were no 
abnormal trends' in her behavior on this score The 
family history was noncontributory 
^ With this ordinary history, the patient had her first 
“attack” on June 15, 1940 On this day tlie girl slept 
later tlian usual and was roused with difficult 3 ’’ On 
being awakened forcibly she seemed “drowsy” and 
“acted peculiarly” At the table she smiled^foolishly 
and fell asleep over her breakfast Next' da>'^ the 
patient was well, and she behaved normally until the 
next similar attack There were five such sptUs,' each 
characterized by “sleepiness ” The patient wo,uM retire 
and not awaken spontaneously in the morning Shak- 
ing lias always necessarj The longest period ‘of 
“sleep” was twenty hours 

In the inter! als between attacks the girl “cried 
easily” and “was not herself,” but subjectiielj she 
complained of nothing until tlie most recent attack, 

^ From tlie Department of kledicine. Medical College 
of Virginia 


when “double vision” bothered her During this attack 
incontinence was noted This was the only attack 
which occurred in the daytime Several observers 
failed to note any convulsions, twitchings or abnormal 
motor phenomena, and “sleep” was said to be normal 

The local physician referred the girl to a university 
hospital for study Examination on July 11, 1940 
failed to reveal anything significant The case was 
turned over to the department of psychiatry, and all 
efforts were directed toward discovering a cause of 
“narcolepsy” The examiner could reach no definite 
conclusion and discharged the patient after prescribing 
10 mg of amphetamine sulfate twice a day No im- 
provement was noted 

Clinical Course — On September 11 the patient was 
referred to the Medical College of Virginia Hospital 
with the diagnosis of “brain tumor” At examination 
speech was thick and hesitant, the sensonum was 
clouded and there was disorientation m several spheres, 
but there was nothing to suggest a localized neurologic 
lesion A psychiatric consultant did not establish a 
diagnosis 

The following day the patient lapsed into coma and 
could not be aroused by powerful stimuli A lumbar 
puncture was done, and normal changes m pressure 
of the spinal fluid were found The fluid contained 
2 cells per cubic millimeter and 35 mg of protein per 
hundred cubic centimeters, the colloidal gold curve was 
normal A determination of the sugar m the spinal 
fluid was not done The concentration of bromides in 
the blood was 35 mg per hundred cubic centimeters, 
of nonprotein nitrogen 25 mg and of sugar 41 mg 
per hundred cubic centimeters The blood count was 
normal in every respect The Wassermann reaction 
was negative 

On September 13 the patient had a convulsne seizure, 
tonic in character, which involved all the extremities 
and lasted about a minute, during the seizure tongue 
biting and incontinence were noted Stereoscopic roent- 
gcnogram_s of the skull showed a normal sella turcica, 
and there were no eiidenccs of increased intracranial 
pressure ■or of displacement of any structure Because 
oi the" low Blood sugar content (41 mg per hundred 
/cubic centimeters), feedings were gnen eiery two hours 
Some imprp\ement was noted, but there seemed to be 
no coVrelatiofi between the s 3 mptoms and the intake of 
food. - - ^ 

On September Ibjhe lasting blood sugar level was 
76 mg ,per;rhnrrc!red cubic centimeters, the total intake 
of carbohjdrate being in excess of 300 Gm pc'- tventy- 
four hours 

On September 17 the ac' trose tolerance test (100 
Gm of dextrose administered orally) gave the follov'- 
ing readings during fasting, 70 mu per hund’-cd cubic 
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centimeters, one hour, 200 /mg , two hours, 135 mg , 
three hours, 91 mg , four hours, 74 mg , five hours, 
52 mg ' 

On September 23 the girl was crying and restless 
and refused her food She was given 1,500 cc of 5 
per cent dextrose solution intravenously Her behavior 
became more normal after this infusion 

On September 24 ventriculograms were made, no 
abnormality was found 

On September 26 the fasting level of blood sugar 
was 36 mg per hundred cubic centimeters, in spite of 
the fact that at 9 o’clock the preceding night an infu- 
sion of 1,500 cc of 5 per cent dextrose solution had 
been given An infusion of 2,000 cc of 10 per cent 
dextrose solution was given through the day, but the 
patient was not normal in her behavior 

On September 27 a maniacal outburst required that 
the girl be placed in a restraining sheet, and 6 grains 
(0 39 Gm ) of sodium amytal was used for sedation 
A stomach tube was employed, and 50 Gm of dextrose 
was given everj' two hours throughout the day and 
night 

On September 30 the history of the case was re- 
viewed The patient’s mother stated that the girl had 
never complained of hunger or made special efforts to 
obtain food between meals At this time the patient 
w'as receiving in the hospital 600 Gm of dextrose a 
day, and still the level of sugar in the blood was only 50 
mg per hundred cubic centimeters two hours after a 
feeding of 50 Gm of dextrose Surgical exploration 
of the pancreas was clearly indicated 

Surgical Pfoceduie — On October 1 an infusion of 
1,500 cc of 5 per cent dextrose in isotonic solution of 
sodium chloride was given immediately preoperatively , 
a similar infusion was given during the operation 

With the patient under general anesthesia, the ab- 
domen was entered through a midline incision extend- 
ing from the xiphoid to the umbilicus An opening 
was then made in the mesocolon, and the pancreas was 
exposed The body and the tail of the pancreas were 
carefully examined, but no abnormality was found 
Palpation of the head of the pancreas revealed a small, 
firm nodule on the lower border of the head, in con- 
tact with the upper border of the third portion of the 
duodenum, this w'as regarded as a lymph node The 
head of the pancreas was reflected by dividing the 
mesocolon on the right side and retracting the colon 
to the left By this exposure of the posterior aspect 
of the head of the pancreas palpation was facilitated, 
and a small, firm nodule was felt within the pancreatic 
tissue Several rather large vessels were found to 
supplj this nodule, they were suitably ligated, and the 
nodule (a little over 1 cm in diameter) was excised 
The bed of the nodule was closed with interrupted 
sutures of fine silk The opening of the mesocolon 
w'as similarl}’- closed Palpation of the kidneys and 
of the adrenals revealed no pathologic conditions The 
abdomen w^as closed without drainage (This opera- 
tion w'as performed by Dr I A Bigger ) 

Pathologic Repot t — A microscopic section of the 
nodule revealed a central portion composed almost 
entirely of collagenous connective tissue, a few ceils 
which appeared to be fibroblasts and m the periphery 
numerous rather large islets vvdiich seemed larger than 
normal and vvdiich were not situated within the usual 
acinar pancreatic epithelium These islets had also an 
irregular arrangement, but the epithelial cells composing 


them were regular and in no way differed from those 
found in a normal pancreas In some of the islets, 
however, there was moderate collagenous connective 
tissue, which appeared to be similar to the tissue mak- 
ing up the greater part of the central portion of the 
nodule Surrounding these structures was a small 
portion of what seemed to be normal pancreatic tissue 
What few blood vmssels and other structures were 
present appeared to be normal There was no evi- 
dence of specific inflammatory change The condition 
was diagnosed as benign adenoma of the islets of Lan- 
gerhans of the pancreas with marked central fibrosis. 

Com sc After Operation — Six hours after the opera- 
tion the blood sugar was found to be 113 mg per hun- 
dred cubic centimeters, no dextrose had been given 
after the operation 

On October 3 the patient was mentally alert and more 
nearly normal than at any previous time during her 
stay in the hospital 

During the night of October 4 the patient fell out 
of bed, apparently because of a nightmare, there was 
no mental confusion 

On October 7 the patient was doing well clinically, 
but her bad humor and conduct were reminiscent of 
her preoperative behavior 

On October 13, the twelfth postoperative day, the 
girl left the hospital 

On the second, fourth, sixth and eight postoperative 
days the fasting levels of sugar in the blood were, 
respectively, 130, 92, 88 and 85 mg per hundred 
cubic centimeters 

Subsequent checks on this patient reveal that at 
the time of writing, two years after the operation, 
she IS in excellent health 

Comment on Case 1 — The total duiation of 
symptoms was three and a half months, and until 
the last three weeks the chief complaint was the 
“sleepiness” on five occasions Symptoms were 
so mild that the diagnosis of “neurosis” had been 
entertained It is of interest that this patient 
had never complained of hunger and had nevei 
lelied on ingestion of food to relieve her symp- 
toms, indeed, the taking of more than 600 Gin 
of dextrose a day failed to control hei symptoms 
while she was being observed m the hospital 

This case gives use to ceitain inteiesting 
speculations If the patient’s first attack of'^i 
“sleepiness” was due to oveipioduction of insulin 
by the adenoma— an assumption which seems 
justified, since hei symptoms were promptly 
leheved by the removal of the adenoma — why 
wei e the symptoms not progressive from the time 
of then onsets An adenoma of a panel eatic 
islet is a new growth, and the cells which com- 
pose the adenoma aie elaborating an active hor- 
mone, as IS substantiated by the isolation of 
insulin or an msuhn-hke substance from the 
adenoma Unfortunately we have no positive 
data as to the rate of giowth of an adenoma, and . 
we have no assuiance that its size increases at a f 
uniform rate If the increase in size is constant 
It might be expected that the amount of insulin 
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pioduced would likewise progressively increase 
and that symptoms would be aggravated accoid- 
ingly In this case, however, while from the 
long range point of view symptoms were progres- 
sive in severity, the rate of evolution of symp- 
toms in the last three weeks was out of 
propoition to that in the previous thiee months 
Indeed, the isolated episodes of “sleepiness,” with 
comparative fieedom from symptoms between, 
speak for an inconstant, eriatic overproduction 
of insulin This observation would seem to 
harmonize with dysinsuhmsm, oi disorderly pro- 
duction of insulin, as opposed to hypennsulmism, 
or overproduction of insulin We shall leturn to 
this point in the general discussion 

This case is witness to the truth that “hyper- 
insulinism takes anothei syndiome from the 
wastebasket of neui OSes’- Hypennsulmism 
should be considered, if only to be ruled out, 
as a possibility in every neuropsychiati ic case 

Case 2 — Htstoiy — The patient was a white woman, 
67 years of age and widowed She prided heiself on 
her good health, had never suffered a serious illness 
and had passed through the climatenc at the age of 
SO without incident Five years before (1938) the 
complaint of “double vision” had taken her to a 
physician A low level of blood sugar having been 
found on several occasions, she was advised to take 
2 ounces (60 Gm ) of dextrin every two hours As 
a result of this program of increased intake of car- 
bohydrate 30 pounds (14 Kg) was gained and the 
diplopia was relieved In 1940 the patient began to 
have “attacks,” which consisted in “failing to awaken 
in the morning” or in being overcome by sleepiness 
This sleepiness was so insidious that the patient her- 
self credited it only to her good fortune that she 
had been “found in time,” for she was frequently 
unable to do anything to help herself Nausea accom- 
panying the attacks made the taking of food difficult 
when food was offered as a restorative 

Clmica’’ Com sc — On Oct 19, 1942 this woman 
was admitted to the Medical College of Virginia Hos- 
pital She was so obese that physical examination 
was of limited value The patient was cooperative 
and was in no distress, she was slow of speech and 
had a coarse tremor of the hands and a slight weak- 
ness of the right side of the face The optic fundi 
presented marked angiolar sclerosis and tortuosity, 
with prominent arteriovenous nicking, there were 
no exudates or hemorrhages The blood pressure 
was 190 systolic and 130 diastolic in both arms, the 
heait sounds were poorly heard, the lungs w^ere clear, 
no masses or enlarged viscera w^ere felt in the ab- 
domen 

On the afternoon of admission an attack w'as ob- 
served, the patient appealed dared, looked ^acantly 
into space, was unable to respond intelligiblj , was dis- 
oiientcd and perspired profusely with a cold, beaded 
perspiration standing out on the forehead and the 
extremities, the weakness of the right side of the 

1 Elans, J A and McDonough, W Hjper- 
insulimsm Case Reports and Discussion, J Iowa 
M Soc 23 454-460, 1933 


face was more pronounced, the breathing w as stertorous 
and the pulse full and bounding There w'as no drop 
in the blood pressure The patient had difficult} 
in sw'allowing, but shortly after being given 2 ounces 
(60 Gm ) of dextrin orally she began to recover She 
was able to talk clearly fifteen minutes later There 
was complete amnesia with respect to the attack and 
for at least fifteen minutes prior to the appeal ance 
of the observable symptoms 

A diet including 300 Gm of carbohydrate and addi- 
tional feedings of dextrin was prescribed, nevertheless 
there w'as an attack almost daily in the late afternoon 
or early evening, indeed, the attacks occurred so 
regularly that the nursing staff w'as able to recognize 
the patient’s vacant stare and perspiring in advance 
of a “fully developed insulin shock” and to anticipate 
the attack by giving her dextrin or sweetened fluids 
Determinations of the blood sugar at the onset of symp- 
toms repeatedly revealed it to be low ^ 22, 40, 36 and 28 
mg per hundred cubic centimeters 

Surgical Procedwc — The patient’s hypertension, 
cardiac enlargement, age and myocardial damage as 
demonstrated by electrocardiographic evidence made 
her a poor surgical risk, but the risk was accepted 
An infusion of dextrose was given preoperatively and 
a second during the operation With the patient undei 
intercostal nerve block and intravenous pentothal 
sodium anesthesia, a right rectus muscle-splitting in- 
cision W'as made There was a heavy layer of sub- 
cutaneous fat, and the underlying structures were 
extremely poor The anterior rectus sheath, the 
rectus muscle and the posterior rectus sheath were 
exceptionally friable There was heavy deposition of 
fat in the omentum and the abdominal structures 
The pancreas was exposed through an opening 
in the gastrocolic omentum Almost immediately a 
firm nodule was felt at the tip of the uncinate process 
of the head of the pancreas The body and the tail 
of the pancreas were palpated, and no other nodules 
were found Exposure was difficult, and the nodule 
would have been more readily approached by reflec- 
tion of the duodenum, but this was not feasible be- 
cause of adhesions between the gallbladder and the 
duodenum , the cause of these adhesions could not 
be determined The nodule W'as lemoved, but not 

without considerable hemorrhage from the rather large 
vessels supplying the nodule The bed of the nodule 
was closed w'lth interrupted mattress sutures A 
frozen section of the nodule from the pancreas w-as 

returned by the pathologist with the notation that 

It was “compatible with pancreatic adenoma ” A drain 
was placed in the lesser peritoneal cavity, but the 
drain was not in contact with the w'ound in the 
pancreas The closure of the wound w'as unsatis- 
factory because of the poor quality of the tissues of 
the abdominal wall The patient left the ope-ating 

room in good condition (The operation was done b} 
Dr I A Bigger ) 

Pathologic Rcpoit — ^The section consisted of a com- 
plete cross section of a well encapsulated nodule from 
the pancreas On the external surface there was a 
small amount of recognizable pancicatic tissue contain- 
ing both acinar tissue and a few islets The nodule v as 
composed oi nests of uniiorm cells with aesicular nuclei 
and a moderate amount of c}toplasm and haMmr r 
striking resemblance to idet cells of the pancreas The 
nests of cells were separated b\ broad birds of Inaiin- 
ized fibrous connectnc tissue, which made i,p prcbaiih 



112 


ARCHIVES OF INTERNAL MEDICINE 


one fourth of the area of the nodule The diagnosis 
was a benign islet cell adenoma of the pancreas (nesidio- 
blastoma) 

Course After Opemhon — The blood sugar was 
93 mg per hundred cubic centimeters nine hours 
after the operation, a value higher than any obtained 
preoperatively Nausea and vomiting were trouble- 
some for several days, and drainage from the wound 
was considerable, this having been anticipated because 
of the poor closure of the wound There were no 
further attacks, the patient felt remarkably well, and 
was discharged to a convalescent home on Nov 23, 
1942 

At the nursing home the patient did well for a 
few days, but since she then began to vomit five to 
ten times per day, it was thought wise to readmit 
hei to the hospital Examination revealed a 30 pound 
(14 Kg) loss in weight and a clean operative wound 
with a small sinus, from which drained a small quantity 
of watery discharge There was no digestion of skin 



Fig 1 — Tumor of the islets of Langerhans removed 
from the patient in case 2, showing fringe of pan- 
creatic tissue around the well defined capsule The 
tumor weighed 1 032 Gm and measured 1 by 1 2 by 
09 cm 

about the mouth of the sinus, and the blood pressure 
was 204 systolic and 140 diastolic 
A roentgen study of the gastrointestinal tract showed 
there was no deformity of the stomach or of the 
duodenum, but unusual looping of the second and tliird 
portions of the duodenum, with slight pressure on 
the greater curvature of the stomach compatible with 
enlargement of the head of the pancreas and pressure 
of the head of the pancreas on the pylorus and the 
duodenum 

The serum amylase was found to be 36 units 
(normal 20 units) On the basis of this finding and 
of the results of a roentgen examination it was sug- 
gested that the patient’s nausea and vomiting were 
due to pancreatitis set up by the operation, so no 
active measures were taken by way of treatment 
Convalescence was uneventful, and the patient was 
discharged Dec 23, 1942 

The only laboratory work of significance in this 
case was that concerned with the metabolism of car- 
bohydrates This information is presented graphically 
(% 4) 

Comment on Case 2 — This patient is one of 
the oldest patients on record who have recoA’^ered 


after the removal of an adenoma of the islets of 
Langerhans The recovery is all the more 
notable because of the factors which made her a 
poor risk 

The studies done on this patient tvere not 
numerous, and it may be unwise to postulate 
anything on the basis of so few data, but certain 
points brought out by the tests are of interest 
The dextrose tolerance test was done after what 
IS accepted as suitable preparation, i e , admin- 
istration of 300 Gm of carbohydrate daily for 
three days prior to the test The half-hour rise 
after the ingestion of 100 Gm of dextrose ivas 
distinctly of a diabetic type, and similarly the 
one, two and three hour levels of sugar in the 
blood may be called diabetic , 5 "et the fasting level 
and the four hour level proclaim this curve to 
have been obtained from a patient with hypo- 
glycemia From this curve it may be inferred 
that there was marked intolerance for dextrose, 
but that insulogenesis was stimulated and that in 
four hours the fasting level was restored It is 
of interest that the patient felt well at the 
teimination of this test This curve offers an 
interesting comparison with the one which re- 
sulted when the curve of tolerance for dextrose 
was modified by intravenous injection of 3 4 
units of insulin The second curve shows curtail- 
ment of the rise in the amount of sugar in the 
blood From this curve it would appear that on 
piactical grounds there is merit in Johns’s 
lecommendation that a small dose of insulin 
should precede feedings of a patient with hyper- 
insuhmsm in order to reduce the stimulus to 
insulogenesis Since such a small amount of 
insulin modified the dextrose tolerance curve so 
markedly, the unmodified curve would seem to 
indicate that insignificant quantities of insulin 
were circulating in the blood at the tune the 
dextrose tolerance test Avas begun and that only 
after stimulation by the ingested carbohydrate 
Avas enough insulin produced to lower the level > 
of sugar in the blood to hypoglycemic levels If 
this assumption is correct, it AAmuld seem that the 
adenoma of the pancreas is not constantly pro- 
ducing insulin m quantity and that the adenoma 
IS, at least in some measure, controlled by the 
normal mechanisms which stimulate and inhibit 
the production of insulin We shall return to 
this last surmise in the geneial discussion 

After the test for tolerance of dextrose and 
insulin combined, 0 7 cc of a 1 1,000 solution of 
epinephrine hydrochloride Avas given subcutane- 
ously, and no rise in the level of sugar m the 
blood Avas obtained Either epinephrine m this 
quantity Avas not capable of raising the level of 
sugar in the blood above the level already 
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existent, oi this quantity of epineplnine could 
not offset the action of as little as 3 4 units of 
insulin given two liouis pieviously It might 
seem, then, that the observation in vaiious cases 
of hypeiinsulimsm that epinephrine has an incon- 
stant effect on the level of sugar in the blood 
may be explained by the different quantities of 
insulin acting at the times when epinephrine was 
administered 

The lesults of dextrose tolerance tests done 
postoperatively aie presented in figure 3, to- 
gether with the lesults of a preoperative test 
The contrast is sti iking There is little to be said 
concerning the cuive done on Nov 20, 1942, but 
the curve of December 22 is unequivocally of dia- 


GENERAL COMMENT 

Despite the fact that the symptoms of hypei- 
insulinism are those of hypoglycemia, the terms 
are not synonymous Conn ^ has offered a satis- 
factory classification of the various types of spon- 
taneous hypoglycemia, and it is not the province 
of this paper to discuss hypoglycemia geneially 
We are specifically interested in the adenoma of 
the islets of Langerhans (insuloma ^ or nesidio- 
blastoma^) as a cause of hyperinsulmism and 
hypoglycemia 

Inadetice of the Dtsease — Though there are 
fairly frequent reports of islet tumors, the 
removal of an adenoma at operation with re- 



Fig 2 — Photomicrograph of the tumor removed from the patient m case 2, showing bands of fibrous 
tissue The pathologist’s description appears in the text 


betic type It would seem, then, that the patient 
was treated for an adenoma of the islet tissue, 
which produced hypoglycemia, and yet almost two 
months later she had a dextrose tolerance curve 
of definitely diabetic type Tiansient diabetic 
tendencies during the first postopeiative days are 
common, even ketonuiia having been noted,^ but 
such a definitely diabetic type of curve so long 
after operation has not been frequently repoited 
It IS to be regretted that we lost contact with this 
patient and weie unable to carry out fuither 
studies 


2 Conn, J E The Spontaneous Hypoglycemias 
Importance of Etiology m Determining Treatment, 
JAMA 115 1669-1675 (Nov 16) 1940 


covery by the patient is still i datively rare 
Frantz ® in 1940 reported 96 islet tumors with 
hypoglycemia, and Keating and Wilder ° in 1941 
raised the number to 106, but analysis of these 
figures reveals that only 44 were benign pan- 
creatic adenomas successfully operated on We 

3 Hams, S The Diagnosis of Surgical Hyper- 
insuhnism. South Surgeon 3 199-210, 1934 

4 Laidlaw, G F Nesidioblastoma, the Islet Tumor 
of the Pancreas, Am J Path 14 125-134, 1938 

5 Frantz, V K Tumors of Islet Cells with 
Hyperinsulmism Benign, Malignant and Questionable, 
Ann Surg 112 161-176, 1940 

6 Keating, F R, and Wilder, R M Spontaneous 
Hypoglycemia Report of Cases, South Med & Surg 
103 125-131, 1941 
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have not reviewed the liteiature exhaustively, but 
we were able to find records of 10 more similar 
tumois " These cases together with those of 
Keating and Wilder are presented in the accom- 
panying table Thus with these 2 cases of our 
own the number of operative cures of pancreatic 
adenoma is raised to 56 This condition, there- 
fore, IS still rare 

Symptoms — The symptoms of these tumors 
are readily postulated as those of "insulin shock,” 
but their multiplicity defies enumeration Head- 
ache, weakness, dizziness, nausea, sweating, 
tachycardia, hypothermia, lowering of the blood 
pressure and diplopia are common Neurologic 
signs and symptoms may be encounteied alone 
or in any combination ® The fi equency of a 
positive Babmski sign, which disappeais on the 
lelief of hypogl 3 Temia, is worthy of comment 
Hunger has been emphasized in many leports, 
but both of our cases illustrate the fact that it is 
not a univeisal symptom Convulsions are 
common and are by many considered charac- 
teristic of the condition, but patient 1 had con- 
vulsions only after three months of symptoms, 
and patient 2 in five years of symptoms was 
never observed to have a convulsion 

The lack of con elation between the occurrence 
of symptoms and the level of the sugai in the 
blood has been noted The explanation for this 
lack of correlation is not clear At one time the 
patient may have symptoms with a level of sugar 
in the blood which at another time produces no 
symptoms Persons familiar with the use of 
protamine zinc insulin have noted the paradox 

7 (a) Meyer, K A , Amtman, L , and Perlman, L 

Islet Tumors of the Pancreas Report of a Case, 
J A M A 117 16-20 (July 5) 1941 (&) Vayo, 
P G, and Bodon, G R Adenoma of Langerhans’ 
Islet of the Pancreas, Am J Surg 54 744-746, 1941 
(r) Magner, W Hypermsulmism A Report of 
Two Cases, Canad M A J 45 49-52, 1941 (d) 

Greenlee, D P Pancreatic Islet Tumors with Hypo- 
glycemia, Pennsylvania M J 43 809-812, 1940 (c) 

Burtness, H I , Koehler, A E, and Saint, J H 
Hyperinsulinlsm Due to Adenoma of the Islets of 
Langerhans Case Report with Metabolic Studies 
Before and After Removal of Tumor, Ann Int Med 
14 1915-1932, 1941 (/) Rudd, T N , and Walton, J 

A Case of Islet Adenoma, Brit J Surg 29 266-270, 
1941 (g) Holman, E , Wood, D A , and Stockton, 

A B Unusual Cases of Hypermsulmism and Hypo- 
glycemia, Arch Surg 47 165-177 (Aug ) 1943 (/i) 
Erb, W H , Dillon, E S, and Ferguson, L K 
Symposium of New Trends in Surgery Islet Cell 
Adenoma, S Clin North America 22 1663-1675, 1942 

(i) Adenoma of Pancreatic Islet Cells, Cabot Case 
27151, New England J Med 224 659-660, 1941 

(j) Conn 2 

8 Sigwald, J L’h 3 fpoglycemie, Pans, Gaston Doin, 
1932 Wilder, J Klinik und Therapie der Zucker- 
mangelkrankheit, Vienna, Verlag fur Medizin, Weid- 
mann & Co , 1936 


in the existence of symptoms of shock with blood 
sugar levels well over 1(X) mg per bundled cubic 
centimeters It has been suggested that it is not 
the level of sugar in the blood per se which 
produces the symptoms, but the rapidity with 
which the hypoglycemia has been produced If 
the fall in blood sugar is precipitous, symptoms 
will be elicited at a higher level than if the fall 
is gradual The dextrose tolerance cuive in 
case 2 is of interest in this regard After the 
ingestion of 100 Gm of dextrose the decline to 



Fig 3 — Results of the dextrose test for the patient 
in case 2, showing the effect on the blood sugar level 
of ingestion of 100 Gm of dextrose 



Fig 4 — Carbohydrate study of the patient in case 2, 
showing modification of the dextrose tolerance curve 
by injection of insulin 

hypoglycemic levels was gradual, and the patient 
had no symptoms at the beginning of the test 
with a blood sugar level of 40 mg oi at the end 
with a level of 48 mg Hypoglycemia piobably 
must be maintained a ceitain length of time 
before the central nervous system suffers suffi- 
ciently to cause a convulsion® Possibly the 

9 Liu, S H , Loucks, H H , Chou, S K , and 
Chen, K C Adenoma of Pancreatic Islet Cells with 
Hypoglycemia and Hypermsulmism Report of a 
Case with Studies on Blood Sugar and Metabolism 
Before and After Operative Removal of Tumor, J Chn 
Investigation 15 249-260, 1936 
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dextiose toleiance cuive explains why patient 2 
never had convulsions Yet this suggestion is 
not wholly satisfactoiy, for cases are reported in 
which patients had blood sugar levels of 30 mg 
01 less foi a nuinbei of houi s without any symp- 
toms at alP° The lelationship between hypo- 
glycemia and symptoms is still in need of 
claiification, especially since about 20 mg per 
bundled cubic centimeteis of the blood sugar 
according to the Folin-Wu analysis is made up 
of leducible substance other than dextrose 


subject to extensive fibrosis, hyaline degenera- 
tion and calcification ^ These observations have 
been made so frequently that no further com- 
ment IS needed Most adenomas are completely 
encapsulated, but even those tumors whose cap- 
sules are incomplete microscopically and show 
invasion by blood vessels behave like benign 
neoplasms Frantz ® cited 15 cases of adenomas 
suspected of being malignant and lemoved at 
operation, some patients having suivived five 
and ten yeais without recurrence of symptoms 


Benign Adenomas of the Islets of Langethans Removed at Operation with 

Recovery of the Patients 


Refer 

ence 

(See 

Text) 

Age 

Sex 

Duration 

of 

Symptoms 

Type of 
Symptoms 

Lowest 
Blood 
Sugar, 
Mg per 
100 Cc 

7a 

41 

R 

18 mo 

“Spells” 

“unconsciousness” 

“Too low 
to read” 

7b 

60 

R 

“Several 

mo.” 

“Stupor” 

31 mg 

7c 

Case 1 

52 

M 

S yr 

“Unconscious once 
daily for 5 yr ” 

35 mg 

0 

Case 1 

56 

P 

9 

“Unconsciousness 
relieved by food” 

38 mg 

Case 2 

G 

55 

P 

2% jr 

“Convulsions and 
unconsciousness” 

38 mg 

Case 3 

G 

33 

M 

18 mo 

“Weakness, convul 
sions, unconsciousness 

32 mg 

Case 4 

G 

44 

P 

15 yr 

“Unconscious spells 
for 4 yr ” 

40 mg 

Case 1 
7d 

56 

P 

2% yr 

“Unconsciousness” 

“Too low 
to read” 

Case 2 
7d 

61 

P 

6 mo 

“Painting, dizziness, 
convulsions” 

29 mg 

7e 

43 

P 

7 yr 

“Weakness, diplopia, 
personality cnango” 

34 mg 

7f 

29 

M 

8 mo 

“Stupor, nervous 
ness” 

48 mg 

7g 

? 

P 

6 mo 

“Irritable, disori 
ented, queer behavior' 

37 mg 

7h 

38 

M 

18 mo 

“Sweating, clonic 
jerks of arm” 

26 mg 

71 

29 

P 

3 yr 

“Always hungry, 
dizzy, coma” 

26 mg 

2 

59 

P 

10 yr 

“Hunger, dazed 

24 mg 


spells, jerks of arm” 


Site 

V Insulin 

Size Extracted Comments 

Body 

2 by 1 8 by 1 5 cm 

No 


Junction body 
and tail 

4 by 4 5 by 2 cm 

No 

Associated Paget’s 
disease 

Junction head 
and body 

2 cm in diameter 

No 


Tail 

“Small” 

No 

Transient postoper 
atlve diabetes, 
retention cyst 

Head 

? 

No 

Diabetes for 48 hi 
postoperatively 

Body 

“Small” 

No 

Normal electro 
encepnalogram 

Body 

“Small” 

No 

Pancreatic fistula 

Junction tail 
and body 

15 cm 

Tes 

Thyrotoxicosis and 
hypoglycemia 

Tail 

1 cm in diameter 

Yes 


Junction body 
and tail 

15 cm (l 304 Gm) 

No 

Transitory diabetes 
mellitus 

Ligaments be 
tween pancreas 
and spleen 

13 cm 

No 

Extrapancreatic 
location of adenoma 

Tail and gastro 
splenic ligament 

0 7 cm and 2 0 cm 

No 

Extrapancreatic 
adenoma, 2 tumors 

Head 

2 by 1 by 1 cm 

No 

Relieved for 6 weeks 
by diet and cortical 
hormone 

? 

? 

No 


Tail 

Prom 0 5 to 1 5 cm 

No 

Pour separate ade 


nomas 


But regardless of the clinical manifestations, 
which are so confusing that hyperinsuhnism fre- 
quently masquerades as neurosis, brain tumor, 
epilepsy, narcolepsy and alcoholism, the diagnosis 
rests on the demonstiation of a blood sugar value 
below 50 mg per hundred cubic centimeters and 
on symptoms which are relieved by the adminis- 
tiation of caibohydiates These conditions are 
leadily met by a case of adenoma of the pan- 
creatic islets 

Pathologic Changes — Pathologically, islet tu- 
mors ai e gigantic islets and produce lesions of the 
islets on a giand scale, for nontumoial islets are 

10 Murphy, R G , Dustin, C C , and Bowman, 
R O Hyperinsuhnism Due to Adenoma of the 
Pancreas, J Lab & Chn Med 24 1050-1054, 1939 


Neveitheless frank carcinoma with metastases 
has been frequent enough to compel us to 
regard these adenomas as neoplasms 


11 (a) Holman, Wood and Stockton (fo) Wilder, 
R M , Allan, F N , Power, M H , and Robertson, 
H £ Carcinoma of the Island^ of the Pancreas 
Hyperinsuhnism and Hypoglycemia, J A M A 89 
348-355 (July 30) 1927 (c) Tudd, E S , Faust, L S , 

and Dixon, R K Carcinoma of the Islands of 
Langerhans with Metastases to the Liver Producing 
Hyperinsuhnism Report of a Case, West J Surg 
42 555-557, 1934 (d) Cragg, R W , Power, M H , 

and Lindem, M C Carcinoma of the Islands of 
Langerhans with Hypogljcemia and Hyperinsuhnism, 
Arch Int Med 60 88-99 (July) 1937 (e) Joachim, H , 
and Banowitch, M M A Case of Carcinoma of the 
Islands of Langerhans with Hypoglycemia, Ann Int 

(Footnote continued on next page) 
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Still, certain facts indicate that these tumors of 
the islets are unusual in their behavior 

1 Why are the tumors so uniform in size, 
regardless of the length of time the patient has 
had symptoms ^ The average diameter is 0 5 to 
15 cm , most of the tumors are described as 
“about a centimeter in diameter,” and one more 
than 2 cm m diameter is unusual Patient 1 had 
symptoms for three and one-half months and 
patient 2 for five years, yet the tumor in each 
instance was about 1 cm in diameter 

2 The component cells of these tumors 
secrete an active hormone If these cells are 
neoplastic one would expect them to secrete re- 
gardless of the need of the body for their secre- 
tion Why, then, are symptoms not steadily 
progressive once they appear ? In the descnption 
of both of our cases we have pointed out that 
between “attacks of sleepiness” there was relative 
freedom from symptoms This would seem to in- 
dicate inconstant production of excessive in- 
sulin 

3 Why are some of the tumors compaia- 
tively cellular, while others arc markedly fibrotic 
and even calcified^ The vascularity of these tu- 
mors, frequently reported, is a strong point 
against any argument of insufficiency of the 
supply of blood The small size of the tumors 
makes it unlikely that they outgrow their blood 

Med 11 17S4-17S9, 1938 (/) FImn, L B , Beatty, 

G A , Ginsberg, M , and Memsath, F Carcinoma of the 
Islands of Langerhans with Hypoglycemia and Metas- 
tases to the Liver, JAMA 117 283-285 (July 26) 
1941 (g) Ballinger, J Hypoglycemia from Metastasiz- 

ing Insular Carcinoma of Aberrant Pancreatic Tissue in 
the Liver, Arch Path 32 277-285 (Aug ) 1941 {It) 
Bickel, G , Mozer, J J, and Junet, R Diabete avec 
denutrition grave Disparition de la glycosurie et 
attenuation progressive de I’hyperglycemie a la suite du 
developpement d’un carcinome insulaire du pancreas 
avec metastases hepatiques massives, Bull et mem 
Soc med d hop de Pans 51 12-21, 1935 

12 (a) Greenlee (&) Wilder, Allan, Power and 
Robertson (c) Bickel, Mozer and Junet (d) 

Akerberg, E Hyperinsuhmsm and Surgery, Acta 
chir Scandinav 83 104-122, 1939 (e) Campbell, W R , 
Graham, R R , and RobinSon, W L Islet Cell 
Tumors of the Pancreas, Am J M Sc 198 445- 
454, 1939 (f) Derick, C L , Newton, F C , Schulz, 

R Z , Bowie, M _ A , and Pokorny, N A Spon- 
taneous Hyperinsulinism Report of Case of Hyper- 
msulinism Cured by Surgical Intervention, New 
England J Med 208 293-298, 1933 (ff) Graham, E A , 
and Womack, N A , The Application of Surgery to 
the Hypoglycemic State Due to Islet Tumors of the 
Pancreas and Other Conditions, Surg, Gynec & Obst 
56 728-742, 1933 (h) Isaji, M On Islet Cell Ade- 

noma and Islet Cell Carcinoma of the Pancreas, Frank- 
furt Ztschr f Path 53 178-207, 1939 (t) Kerwin, 

A J Fatal Hyperinsulinism with Cerebral Lesions 
Due to Pancreatic Adenoma, Am J M Sc 203 363- 
370, 1942 


supply, with resultant degeneration and fibrosis 
Again, fibrosis cannot be entirely a matter of 
aging of the tumors, foi in case 1 there was con- 
siderable fibrosis and yet symptoms had been 
noted for only three and one-half months But 
the question can be asked whether it is accurate to 
consider the age of a tumor identical with the 
duration of symptoms Surely these tumois do 
not produce symptoms the moment they exceed 
the size of normal pancreatic islets What, then, 
is the critical size of the tumors, at which they 
pioduce symptoms^ 

4 Why are the tumors so frequently mul- 
tiple 7 Frantz ® in describing 96 cases of islet 
tumors cites 11 in which there was more than 
one tumor 

These questions are raised not because we 
have the answers but because when one tries to 
answer them it becomes clear that one can best 
harmonize the observations that have been made 
by regarding islet tumors as functioning units in 
the endocrine system As such they are subject to 
the same inhibition and stimulation as normal 
islets, but to a lesser degree because they are 
neoplasms , 

ConnecHon imih the Phystology of Instchn — 
The physiology of insulin is too complex to be 
discussed here, but certain aspects of the subject 
will be of service to us Fraser and others 
pointed out that the effect of insulin m lowering 
the level of sugar in the blood is opposed by the 
action of adienal cortical hormones in promoting 
glyconeogenesis and by the glycotropic hormone 
of the pituitary gland Normally these antago- 
nists are nicely balanced, so that they compen- 
sate for each other In a case of hyperinsulinism 
m which symptoms are clearcut and hypoglycemia 
IS controlled with difficulty, it seems accurate to 
say that the system of checks and balances has 
become inoperative But, as we have pointed out, 
this point IS not reached at once , indeed the pa- 'v 
tient may do fairly well for years It seems that ' 
there is an important place in our concept of 
hyperinsulinism for a “compensating-decompen- 
sating” phase preceding the final appearance of 
intractable hypoglycemia The factor which de- 
termines the issue is that on one hand there are 
physiologic mechanisms, while on the other there 
IS a neoplasm, the pancreatic adenoma If the neo- 


13 Conn 2 Wilder, Allan, Power and Robertson 
Joachim and Banowitch Graham and Womack 

14 Fraser, R , Albright, F, and Smith, P H 
Carbohydrate Metabolism The Value of the Glucose 
Tolerance Test, the Insulin Tolerance Test, and the 
Glucose Insulin Tolerance Test in the Diagnosis of 
Endocrmologic Disorders of Glucose Metabolism 
J Clm Endocrinol 1 297-306, 1941 
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plasm IS tiuly cai cinomatous, growth is rapid and 
h} poglycemia is fulminating, a few such cases 
have been encounteied By fai the majority of 
the tumors, however, probably grow slowly, and 
by this circumstance the endocrine compensatory 
mechanisms aie called into play, so that even if 
the islet adenoma continues its giowth at a slow 
but steady pace, the body is capable of adjusting 
at different levels of production of insulin We 
feel that such a concept haimonizes with the ob- 
served facts in cases of benign pancreatic islet 
tumor 

Duff stated that there is no authenticated 
example of spontaneous cure occurring as a 
result of generative changes m an islet cell 
adenoma Such a cure would be difficult of proof, 
but theoretically theie is a possibility of spon- 
taneous recovery with the pi opei concomitance of 
fortuitous events Young has demonstrated in 
dogs that with repeated injections of extracts of 
the anterior lobe of the pituitary gland he can 
produce permanent diabetes Because of the lack 
of a potent preparation this method cannot be 
applied to human beings , unless there were avail- 
able a preparation uith selective action affecting 
only the overproduction of insulin there -would 
be a distinct possibility of disturbing other 
members of the endocrine system Allen nevei - 
tireless suggested this therapy with Young’s ex- 
tract in the event of severe “insulin intoxication ” 
Fraser and others pointed out that nature fui- 
nishes an interesting experiment in that “a pa- 
tient with acromegaly may be at the stage of 
'compensating hypei insuhnism’ or may end by 
ha-ving hypoinsulinism like a ‘Young dog’” In 
short, this last statement seems to contain the 
crux of the matter From the anterior lobe of 
the pituitar) gland maj^ come the stimulus which 
determines ovei production of insulin by pan- 
creatic islet tissues, oi underproduction of insulin 
through overstimulation and exhaustion of islet 
, tissues Thus diabetes mellitus and hyperinsuhn- 
ism stand in close relationship to each othei 
through the common factor insulin, the produc- 
tion of which IS immediately a function of the 
islets of Langeihans but is influenced by other 
members of the endocime system 

The case of Bickel and others is of great 
interest, foi the patient in this case received as 

15 Duff, G L, and }ilurray, E G D The Pathol- 
ogy of Islet Tumors of the Pancreas, Am J Sc 
203 363-370, 1942 

16 Young, F G The Anterior Pituitary Gland 
and Diabetes Mellitus, New England J Med 221 635 
646, 1939 

17 Allen, F Af Hjpermsulmism Spontaneous 
and Artificial Hjpennsuhnism, J Clin Endocrinol 
1 595-603, 1941 


much as 100 units of insulin daily, and as much 
as 240 Gm of dextrose was excreted in the urine 
m a day It was observed that the glycosuria 
disappeared in the coui se of four months, so that 
more dextrose was tolerated than fomierly when 
100 units of insulin was given daily This patient 
died, and a carcinoma of the islets of Langerhans 
with hepatic metastases was found, m&ulin was 
isolated from the primary growth but not fiom 
the hepatic metastases 

Though such a conclusion is purely speculative, 
it Avould seem that this case indicates that per- 
haps there was a supreme effort made by the 
anterior lobe of the pituitary gland to stimulate 
the production of insulin m a definitely diabetic 
patient and that some tissues of the islets 
responded and gave rise to a giowth, which in 
this case became malignant In this case, con- 
trary to the experience with Young dogs, the 
stimulated -islet tissues did not become “ex- 
hausted,” but overleaped the bounds of normalcy 
and became malignant But following the reason- 
ing used m the Young experiments with dogs, 
in an adenoma of the islets of Langerhans which 
is overproducing insulin the anterior lobe of the 
pituitary gland by compensatory overproduction 
of glycotiopic hormone might conceivably inhibit 
all of the normal islets of the pancreas, producing 
true diabetes, which is masked by the presence of 
the adenoma Surgical removal of the adenoma 
should result in a diabetic state We cannot le- 
fiain from commenting that in case 2 there was 
a truly diabetic cuive even two months aftei 
operation The observation of transient diabetes 
after adenomas ai e removed is almost universal , 
it seems nearly certain that if these cases ai e fol- 
lowed up some patients will prove to have pei- 
manent diabetes 

This adventure into the field of endocnnology 
may contribute little of piactical import at pies- 
ent, but it is fruitful in the mattei of undei stand- 
ing the broader implications of hyperinsulimsm 
and of looking forward to the therapeutic attack 
on this condition with endocrine products 

Tieatment — At present the treatment of ade- 
noma of the islets is surgical removal as soon as 
the diagnosis is reasonably established Dietary 
management by increasing the intake of carbo- 
hydrate alone finally fails to control the symp- 
toms and may actually aggravate the disease 
Diets high 111 protein high in fat and moderate 
in carbohydrate have had some success in the 
management of mild hyperinsulimsm of the func- 
tional sort, but not much in the handling of cases 
involving islet tiimois The use of insulin before 
meals to prevent the sharp postprandial rise in 
blood sugar and so lessen the stimulus to the 
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production of insulin is theoietically sound (see 
dextrose-insulin toleiance curve), but piactice 
has been disappointing Subtotal pancreatic re- 
section in the absence of a demonstrable tumoi 
has been smgulai ly unsuccessful in the treatment 
of hypennsulimsm 

Operation should be done eaily m these cases, 
for obesity is a natuial development of the eating 
habits of these patients, and the technical diffi- 
culties of operation on obese patients ai e obvious 
Long-standing hypennsulimsm can product pei- 
raanent damage to the cential neivous system,^® 
and foi this leason operation should not be too 
long delayed 

18 (ff) Baker, A B , and Lufkin, N H Certbial 
Lesions m Hypoglycemia, Arch Path 23 190-201 
(Feb) 1937 (b) Baker, A B Cerebial Lesions in 

Hypoglycemia II Some Possibilities of Ii revocable 
Damage from Insulin Shock, ibid 26 765-776 (Oct ) 
1938 (c) Klein, F , and Ligterink, J A Insulin 

and Cerebral Damage, Arch Int kfecl 6S 1085-1096 
(June) 1940 (d) Ker\Mni=‘ 


CONCLUSIOX 

With the lepoit of 2 ot oin own cases and 10 
fiom the hteiature ve have raised the number of 
benign adenomas of the islets of Langerhans 
u Inch have been successfuly i emo^^ed at operation 
u ith 1 ecovery of the patients to 56 

A brief discussion of hypeiinsuhnism m its 
lelationship to the endocrine system has been 
presented and the theiapeutic implications stated 
We believe that the stud)'^ of this condition will 
be furtheied if more attention is paid to the altera- 
tions produced in the other endocrine glands 

Surgical removal of these tumors is indicated 
as the most effective therapy, and this treatment 
IS imperative in Older to prevent damage to the 
central nervous system as a lesult of long-stand- 
ing hypoglycemia 

The question ot the cause of any new growth 
is challenging, but it seems doubly so in the case 
of a new growth which functions in the bodv's 
econoni} 

iledical College of Virgmia Hospital Division 
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Few laboratories aie equipped to perfoira the 
sarious proceduies which may be needed for the 
diagnosis of spiiochetal jaundice (Weil’s disease, 
spirochetosis icterohemorrhagica) Larson,^ in 
making a survey of leptospirosis ainong wild 
lats, concluded that multiple diagnostic methods 
should be employed since no single test always 
gave positive results in a sizable proportion of 
cases Rather characteristic lesions in striated 
muscle m some cases of Weil’s disease have been 
mentioned by Pick “ and Jeghers, Houghton and 
Foley ® This report deals with lesions encoun- 


REPORT OF CASES 

One patient (case 7) was a white man, while the 
others were Negroes All had a history of exposure 
to rats Two patients (cases 1 and 5) worked as poultry 
dressers One patient (case 2) was a fish cutter, 1 
(case 4) had been digging ditches just before his pres- 
ent illness while 1 (case 6) had cleaned out a fish 
pond One patient (case was a housewife, who 
stated that her home was infested with rats One 
patient (case 7) worked at a dairy where rats were 
numerous The age and the sex distribution are shown 
in table 1 

Varying degrees of jaundice as well as enlargement 
of the liver were observed in every instance The spleen 


Table 1 — Smmncuy of Data on Seven Cases of Weil’s Disease 


Case 

Age 

Sex 

Highest 

polymorpho 

nuclear 

Cells 

1 

S3 

M 

23,000 

S 

S3 

M 

36,850 

3 

46 

F 

38,600 

i 

40 

M 

21,600 

5 

37 

M 

19,300 

6 

55 

U 

43,400 

7 

29 

U 

16 450 


Highest 




Nonprotem 

Highest 

Agglutination 


Nitrogen, 

Icteric 

L ictero 

Day of 

Mg per 100 Cc 

Index 

haemorrhagiae 

Disease 

61 

92 

1 10 

10th 



1 1,000 

12th 



1 100 

33d 

150 

84 

1 40 

7th 



1 2,650 

17th 



1 1,000 

25th 

35 4 

141 

1 3,000 

13th» 

57 2 

105 

Negative 

12tht 



Negative 

14tht 



1 10,000 

21stt 

41 

55 

1 10,000 

8th{ 



1 100,000 

15 th t 

133 

28 5 

Negative 

9tht 

41 

27 

Negative 

8th 



1 1,000 

12th 



1 1,000 

18th 


Leptospiras were demonstrated by darL field evamination from the liver of a guinea pig inoculated with the patient’s 

blood 

t Done with commercial antigen only 

{ Done by the National Institute of Health, negative results vere obtained with commercial antigen 


teied m 16 biopsy specimens fiom muscles of 
the calf of 7 patients with Weil’s disease seen 
lecently at Grady Hospital 

From the Departments of Pathology of Grady Hos- 
pital and Emory University School of Medicine 

Read at the Second Annual Meeting of the Ameri- 
can Federation for Clinical Research, held at Chicago 
on June 12, 1944 

1 Larson, C L Leptospirosis in Rats (R Nor- 
vegicus) m and about Washington, D C, Pub Health 
Rep 58 944-955, 1943 

2 Pick, L Zur patliologischen Anatomic des in- 
fektiosen Icterus, Berl lUin Wchnschr 54 451 and 
481, 1917 

3 Jeghers, H J , Houghton, J D , and Foley, 
T A Weil’s Disease Report of a Case with Post- 
mortem Observations and Review of Recent Literature, 
Arch Path 20 447-476 (Sept) 1935 


was never enlarged Muscular pains, particularly m 
the calves, were a constant feature in cases 1 through 6 
This sign, however, was absent in case 7 

The principal laboratory data are shown in table 1 
The clinical course was mild in cases 3, 4 and 5 
In cases 1, 2 and 7 the patients were more seriously 
ill Relapses, which are common with this disorder, 
were noted clinically in cases 1, 2, 4 and 7 One 
patient (case 6) died on the third day in the hospital 
The pertinent changes noted at autopsy in case 6 
consisted of hepatitis, tubular nephritis, icterus, fibri- 
nous pericarditis and petechial hemorrhages in the 
pleura, the gastric, intestinal and bronchial mucosa and 
the renal pelves, consistent with Weil’s disease At- 
tempts to demonstrate leptospiras by Levaditi’s method 
were made on blocks from liver and kidney Several 
suggestive structures were seen in the kidney, but it 
was felt that these were not unequivocal 
These 7 cases presented the clinical signs and symp- 
toms of Weil’s disease as discussed bv Ashe, Pratt- 
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Thomas and Kumpe^ Agglutination tests gave positive 
results m all instances but case 6 It is of interest 
that agglutination tests gave negative results in cases 
4 and S when done with commercial antigen (from 
Lederle Laboratories, Inc) but that the same speci- 
mens gave a strongly positive result when examined 
by the National Institute of Health, where live organ- 
isms are used 

The agglutination test which gave a negative result 
in case 6 was done only with commercial antigen and 
on the ninth day of the disease This test generally 


diagnostic Only the demonstration of the organism in 
section IS definite morphologic proof 

Dark field examination of blood and of urine gave 
negative results in all 7 cases Guinea pig inoculation 
was done in cases 2, 3, 4 and 6 Leptospiras were 
demonstrated only in case 3, by dark field examination 
of thd liver of 1 animal 

tMatenal — Sixteen biopsy specimens were obtained in 
7 cases In all instances a small fragment of the 
gastrocnemius muscle, approximately 1 cm across, was 
removed under local anesthesia Care was taken to 



Pjg 1 multiple focal areas of necrosis in striated muscle fibers Most of the cells seen in the areas of 

necrosis are sarcoblasts, although the inflammatory cell infiltration in this case was unusually pronounced Phloxine- 
methylene blue, X 120 B, cytoplasmic vacuoles in a portion of one muscle fiber, with proliferation of sar- 
coblasts at both ends of the lesion Outside the lesion the cross striations of the involved muscle fiber are 
preserved Phloxme-methylene blue , X 290 


gives positive results only after the ninth or tenth day 
of the disease The observations at autopsy, both gross 
and histologic, were consistent with Weil's disease 
At present, however, no single morphologic feature or 
combination of features can be regarded as absolutely 


4 Ashe, W F , Pratt-Thomas, H R , and Kumpe, 
C W Weil’s Disease A Complete Review of 
American Literature and an Abstract of the World 
Literature, Seven Case Reports, Medicine 20 145-210, 
1941 


infiltrate the tissues in such a fashion as to produce 
anesthesia in a fairly wide zone around the point from 
which the biopsy specimen was to be taken but to 
avoid infiltration of the tissue which was to be removed 
In all instances the tissue was fixed within less than 
five minutes after removal The tissue was fixed in both 
Zenker’s fluid and solution of formaldehyde (10 per 
cent of the U S P concentration), with the exception 
of 2 specimens, of which 1 was fixed only m Zenker’s 
fluid and the other only in solution of formaldehyde 
All Zenker-fixed material was stained with phloxine 
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and metliylthionine chloride (methylene blue), Mallory’s 
phosphotungstic acid hematoxylin and Mallory’s aniline 
blue Turnbull’s blue method for hemosiderin was 
used in some instances Le\aditi’s method for the 
staining of spirochetes was employed on all material 
fixed with formaldehyde Hematoxylin and eosm were 
used in the single case in which no Zenker-fixed tissue 
was available 

The lesions were shown clearly with routine fixatives 
and stains Reasonable care should be taken not to 
traumatize the tissue during removal It is advisable 
particularly in cases in which the condition is mild, to 


When the specimens were studied in this ordei, the 
life history of the lesions could be followed readily 
There were, of course, certain variations, according to 
the severity of the disease, m the individual cases 
These variations, however, were quantitative rather 
than qualitative 

The lesions varied in number and extent With 
mild forms of the disease, such as were found in cases 
3, 4 and 5, relatively few small lesions were seen, 
while with more severe forms, as in cases 1, 2, 6 and 
7, the lesions were numerous and larger They always 
involved only a part of one muscle fibei Sometimes 



Fig 2 — A, early necrosis in the cytoplasm of one muscle fiber The transition between vacuolation and 
necrosis is visible There is no significant inflammatory cell response Phloxme-methylene blue x 280 B 
sarcoblasts surrounding fragments of necrotic muscle Inflammatory cells are few Phloxine-me'thylene blue^ 
X460 


cut six or eight sections This will minimize the 
chance of missing the lesions if they are sparse 
No grossly visible changes were noted in any of the 
specimens 

Hutologic Changes — The 16 biopsy specimens were 
arranged in chronologic order, according to the day of 
the disease on which they were taken The day of the 
disease was counted from the first appearance of symp- 
toms noted by the patient When arranged in this 
fashion the specimens ranged from the tenth to the 
sixty-sixth day of the disease (table 2) 

Table 2 also shows the number of biopsy specimens 
taken from each patient 


Table 2- 


-Day of Disease When Biopsy Specimen 
Was Taken 


Case 

Daj 

1 

10, ir, 2i, 31 


17, 24, 35, CO 


13 30 

4 

13,25 

5 

S» 

6 

13 

< 

11,29 


lui; ifsion Buggests tnat tne disease 

fo^ by the his- 

impression 


tory The high agglutination titer (1 io.oob)' supports this 




122 


ARCHIVES OF INTLRAAL MEDICINE 


two or even tliree adjoining libers showed focal in- 
volvement Rarely several independent foci were found 
in one single liber These sometimes became confluent, 
simulating a single large focus which involved a con- 
siderable portion of a muscle liber (fig 1 A) 

The earliest visible change consisted m the appear- 
ance of small and medium-sized vacuoles within a 
portion of the cytoplasm of the striated muscle fiber 
These vacuoles tended to become confluent (fig 1 J5) 
This stage is well illustrated by Jeghers and co- 
workers ® in figure 1 of their report Simultaneously, 
the cytoplasm of the muscle fiber in the involved area 
lost its cellular detail The longitudinal fibrils and the 


a tiny recent hemorrhage into a muscle fiber was seen 
(fig 4) The first sign of cellular reaction consisted 
in the appearance of nuclei within the uninvolved por- 
tion of the fiber at both ends of the lesion These 
nuclei were situated immediately beneath the sarco- 
lemma sheath They were rather large, oval and 
vesicular and had a prominent nucleolus (fig 1 B) 
Their number increased rapidly Mitosis was seen 
often, but there were also indications of amitotic divi- 
sion These elements extended along the sarcolemma 
sheath at the lateral margins of the lesion Here they 
sometimes tended to assume a pearl-stnng-like oi 
inultinuclcatcd sMic>tial arrangement This was essen- 



Fig 3~A, repair of the lesion by regeneration of striated muscle The regenerated fiber stains daiker, 
and the number of nuclei is increased The nuclei still show a pearl-string-Iike arrangement Note the absence 
of any fibrosis Phloxine-methylene blue, X 500 B, repair of the lesion with secondary fibrosis The lighter- 
staining connective tissue displaces the sarcoblasts, some of which are multinucleated while others show seg- 
mented longitudinal fibrils Phloxme-methylene blue , X 465 


cross striations disappeared, and only fragmented masses 
of homogeneous or irregularly granular acidophilic ma- 
terial remained The margins of the lesion were frayed 
and irregular but distinct (fig 2 A) The myofibrils 
and the sarcoplasm of the adjoining portions of the 
muscle fiber did not show any demonstrable changes 
At this stage, no significant cellular reaction demar- 
cated the lesion from the uninvolved portion of the 
fiber and generally no changes were noted in the inter- 
stitial connective tissue or in the adjoining capillaries, 
which, howeier, were congested Only in 2 instances 


tially the picture as seen on the tenth to the thirteenth 
day of the disease 

Meanwhile, these elements had become separate cells 
displaying the characteristics of sarcoblasts The> 
showed varying amounts of basophilic cytoplasm Their 
shape ranged from round to elongated fusiform or 
often stellate with two or three processes. Coming 
from both ends, as well as from the margins of the 
lesion, they had invaded the area of necrotic muscle, 
which by now consisted of hyaline fragments Some 
of the sarcoblasts had begun to encircle the individual 
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fiagments of necrotic mateual, and in this piocess 
some large multinucleated cells had formed Occasion- 
ally, some sarcoblasts appeared to have formed small 
niches at tlie margin of the fragment of necrotic muscle 
(fig 2B) This appearance suggested a digestion of 
the necrotic tissue Polymorphonuclear leukocytes were 
seen infiltrating the necrotic area, but on the whole 
the inflammatory cell infiltration was not striking No 
significant changes were noted m the adjoining inter- 
stitial connective tissue and capillai les This was essen- 
tially the picture seen in the tissue removed on the 
seventeenth day of the disease 
At this stage, only slight new foimation of myo- 
fibrils could be discerned This consisted in the 
appearance of granules within the cytoplasm of the 
proliferating sarcoblasts, as seen with the phospho- 
tungstic acid hematoxylin stain These granules were 
arranged in a definite pattern longitudinal to the long 
axis of the cells Longitudinal fibrils segmented at 
regular intervals by dark granules appeared, and cross 
striations became visible in the manner clesciibed by 
Wolbach ^ 


cells appeared in the interstitial connective tissue ad- 
jacent to the involved muscle This was associated 
with some proliferation of fibroblasts, which grew into 
the area of necrosis and participated in the repair of 
the lesion On the whole, however, the degree of 
inflammatory cell infiltration was slight and never 
formed a prominent feature of the lesion The capil- 
laries adjoining the lesion, as well as the larger vessels 
elsewheie throughout the section, did not display any 
demonstrable changes This was the appearance of the 
lesion on the twenty-fourth day of the disease 

The latter stages of the process, as seen in the 
biopsy specimens obtained on the thirty-fifth and sixty- 
sixth day of the disease, showed the progress of repair 
by fibrosis The fibroblasts had become more promi- 
nent and had begun to deposit collagen The latter 
increased and appeared to encroach on the sarcoblasts, 
vvfhich showed signs of atrophy (fig 3 B) In addition, 
but apparently not related to the scarring, small amounts 
of light brown retractile pigment deposited m granules 
had become visible in some of the sarcoblasts encircling 
the remaining fiagments of necrotic muscle This pig- 



Fig 4 — Early lesion with hemorrhage into one muscle fiber (left lower corner) and vacuoles in another 
(right upper corner) Other muscle fibers (lower center and right upper corner) show advanced repair The 
'lecent lesions coincided with a clinical relapse lasting from the twenty-fourth to the twenty-ninth day of the 
disease in case 2 Phloxine-methylene blue , X 275 

This repan became rapidly more active In the 
cases in which the foci of necrosis had been few and 
small and the clinical course had been rather mild, the 
repair had been almost completed in a period ranging 
^ from the twenty-fifth to the thirty-sixth day of the 
-disease A few muscle fibers were seen which often 
appeared thinner than norrr^al Their cytoplasm stained 
rather dark basophilic The nuclei beneath the sarco- 
lemma sheath were more numerous than in normal 
muscle fibers and displayed some persistence of the 
pearl-stnng-Iike arrangement (fig 3 A) No changes 
were noted in the adjacent interstitial connectiv'e tissue 
and capillaries 

Thus the lesion had been repaired by regeneration 
of the striated muscle without significant participation 
of the adjacent interstitial connective tissue There- 
fore, no appreciable fibrosis and scarring had occurred 

When, however, the disorder vv^as clinically more 
severe and complicated by one or several relapses, an 
^ inflammatory cell infiltration of lymiphocydes and plasma 

5 Wolbach, S B Centrioles and the Histogenesis 
of the Myofibrils in Tumors of Striated Muscle Origin, 

Anat Rec 37 255-262, 1928 


ment stained blue with TurnbuU's blue method foi 
hemosiderin 

Thus in the more severe lesions lepair was accom- 
plished by fibrosis 

In every case a large number of sections stained 
with Levaditi’s method for spirochetes was searched 
for the organism In only 2 instances structures sug- 
gestive of leptospiras were seen It was felt, however, 
that these were not unequwocal 

COMMENT 

The moiphologic features of the lesions in the 
muscle correlated well with the clinical course 
Early but definite lesions weie piesent on the 
tenth day of the disease m case 1 Clinical re- 
lapses, which are common with this disorder, 
w^ere maiked by the appeal ance of new lesions 
besides the already existing older ones (fig 4) 
These new lesions follow ed the same sequence of 
events as described This is well shown m case 
1, m which the patient had a relapse with a use 
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of temperatuie to 102 F on the twenty-third 
and twenty-fourth day of the disease The 
biopsy specimen taken on the twenty-fourth day 
of the disease showed early lesions of the type 
seen on the thiiteenth day of disease in the othei 
patients besides the older lesions which already 
displayed advanced lepaii The taking of a 
biopsy specimen on the twenty-fourth day in 
case 2 coincided with a rise in temperature to 
104 F from the twenty-fomth to the twenty- 
ninth day This specimen showed a few recent 
lesions ot the eailiest type besides older ones 
A similar picture was seen m a specimen taken 
in case 4 on the twenty-fiftli day, when the pa- 
tient’s temperature lose from norma] to 100 F 
Moiphologically the lesion m the muscle ap- 
pealed to be rathei typical The small focal dis- 
tribution ot the lesion and the absence of signifi- 
cant hemoiihage differentiated it from Zenkei’s 
degeneration This had ah eady been pointed out 
by Jeghers and his co-woikeis,® who stressed 
tlie characteiistic appearance of this lesion as 
compaied nith other lesions of muscle The 
absence of vascular changes distinguished this 
lesion fiom those found m the muscles m cases 
of rickettsial infections Control sections of 
gastrocnemius muscle were taken at autopsy' in 
2 cases of subacute yellow atiophy of the livei 
after arsphenamme tieatment, in 1 case of non- 
obstructive biliary cirrhosis of the liver, in 2 
cases of pneumococcic pneumonia with septi- 
cemia, m 1 case of staphylococcic septicemia and 
m 1 case of subacute bacteiial endocarditis of 
the mitral and aortic valves No lesions resem- 
bling those of Weil’s disease were observed 
It IS an acknowledged fact that- Weil’s disease 
can be diagnosed only by laboi atory tests These 
consist ot dark field examination of the blood, 
mine or duodenal washings for demonstration of 
the organism, agglutination leaction, animal in- 
oculation 01 culture The findings m these 7 


cases and those described m the literature sug- 
gest that the lesions m the muscles of the calf 
might be a constant and reliable feature of this 
disease Since a biopsy specimen of the muscles 
of the calf can be taken without undue difficulty, 
this procedure is suggested as a possible aid m 
the diagnosis of Weil’s disease ” 

summary and conclusions 

Lesions in the muscles of the calf were en- 
countered in 16 biopsy specimens in 7 cases of 
spiiochetal jaundice (Weil’s disease, spiroche- 
tosis icterohemorrhagica) 

The morphologic characteristics of these lesions 
are considei ed rather typical of this disease The 
obseivations reported suggest that these lesions 
may' be a constant feature of this disorder 
Biopsy of the muscles of the calf is suggested 
as a useful measuie in the diagnosis of Weil’s 
disease 

6 After this report was submitted for publication 
biopsj specimens of muscles were obtained from 12 other 
patients with suspected Weil’s disease 
In 5 cases lesions of Weil’s disease were found, but in 
onl> 1 did the patient show a positive reaction to an 
agglutination test In another the reaction to an agglu- 
tination test was negative witli commercial antigen, 
while the single blood sample e-vamined by the National 
Institute of Health showed a positive reaction for L 
icterohaemorrhagiae with a titer of only 1 100 The 
agglutination test in the other 3 cases always ga\e nega- 
tive results 

In 1 of the remaining 7 cases Weil’s disease was 
proved by an agglutination test A single biopsy speci- 
men of muscle was reported as showing nothing sig- 
nificant, but the tissue was too severely traumatized 
during its removal to permit adequate histologic study 
A biopsy specimen from a patient with proved typhus 
was first considered indicative of Weil’s disease, but 
further sections clearly revealed the typical vascular 
lesions of rickettsial infection 
Infectious hepatitis (3 cases), reaction to arsphena- 
inine therapy (1 case) and atypical pneumonia (1 case) 
were found in the remaining 5 cases in which biopsv 
specimens gave negative results 
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VASCULAR DISEASES 

TENTH ANNUAL REVIEW 

THEODORE R VAN DELLEN, M D , GEORGE W SCUPHAM, M D , 
GEZA DE TAICATS, M D , and EDSON FAIRBROTHER FOWLER, M D 

CHICAGO 


REVIEW OF SOME OF THE RECENT LITERATURE 
BY DR \ \N DELLEN AND DR SCUPHAM ^ 

Duiing the past year theie has been a definite 
decline in the nuinbei of publications on periph- 
eial vasculai disease Many noted and con- 
sistent workeis in this field aie obviously de- 
voting their tune and talent to the war effoit 
Some of these men have alieady collected and 
published valuable data obtainable only undei 
waitime conditions Publications associated 
with the physiology of vasculai disease aie not 
as numerous as in pievious yeais, and statistical 
data on large senes of cases aie conspicuously 
absent Attention should be called to the anti- 
coagulants, to fluoiescem and to lecent observa- 
tions on pel lartei itis nodosa Theiapy has been 
totall} neglected As in the past, this review 
should not be consideied complete, since many 
deseiving articles have possibly been missed 

PHYSIOLOGY 

Dwgnoshc Tests — Naide^ recently lepoited a 
test foi estimating vasculai tone This was 
detei mined by measuring the late of fall in 
tempeiature of the extremities during a cold 
period and the rate of use duiing a period of 
application of moderate heat to the trunk Studies 
weie performed in a constant teraperatuie room 
at 20 C Surface temperatures of the fingeis 
and toes were recorded The importance of 
readings of finger tempeiature lies m the fact 
that noimally there is less tone in the vessels of 
the fingers than in those of the toes, and by 
observing the lesponse to cold and to heat at 
these sites a giadient of vascular tone or ratio 
of vascular response m the feet to that in the 
hands can be determined Model ate heat was 
used to prevent most normal persons from having 
vasodilatation, thereby distinguishing those who 

From the Department of Medicine, Northwestern 
Um\ ersity Medical School , the Department of Surger} , 
the University of Illinois College of Medicine, and the 
Circulatory Group, St Luke’s Hospital 

1 Naide, M A Test for Vascular Tone in Humans 
and Its Application to the Study of Vascular Diseases 
with Special Reference to the Etiology and Prevention 
of Thrombophlebitis, Am T kl Sc 207 606 (May) 
1944 


weie slightly vasospastic Infoimation of this 
natme was obtained foi 53 normal pet sons, and 
a simple table was arranged in which these 
subjects weie classified on the basis of vasculai 
tone Seven groups weie obtained, ranging fiom 
pel sons with low to persons with high vasculai 
tone Patients with vascular disease were found 
to fall in the gi oups with vasculai tone approach- 
ing high values Sixteen of 17 patients with 
thiombophlebitis weie also in the vasospastic 
groups Nine of 32 patients with thiombo- 
angiitis obliterans weie in the group with low 
vascular tone Vaiious other studies were done 
in association with this test The authoi was 
able to distinguish whether vasodilatation or 
\ asoconsti iction in different persons was lo- 
cated in large oi small aiteries by comparing 
the oscillometi 1 C index with the surface tem- 
peiatuie This test opened up a new appioach 
to vascular study and was worthy of considera- 
tion for all mteiested in this problem 

Rinzlei, Travell and Civin ^ correlated Atlas' 
oscillometi 1 C index with other objective evidences 
of vascular disease, namely, surUce temperatuie 
and changes shown by roentgen examination of 
the vessels of the lowei extremity This index 
was described in a previous review Studies 
were pei formed on 84 ambulatory patients A 
coil elation of the data obtained by these three 
laboratory aids (oscillometry, determination of 
surface tempeiature and roentgenogiaphy) 
showed that as the oscillometric index decreases, 
the incidence and extent of calcification of the 
lower extremity and the incidence of abnormal 
cutaneous temperatures inciease In contrast to 
the work of Atlas, these authors concluded that 
the index can be lowered from 1 0 to 0 75, as 
in their studies readings above the lattei figure 
always indicated adequate arterial function in 
the lower extremity An index below 0 75 in 
their opinion is pathologic and compatible with 
sclerotic changes, and a value below 0 3 indi- 
cates extensive calcification and probable ad- 

2 Rmzler, S H , Tra%ell, J, and Cum, H The 
Oscillometric Index An Aid m E\aluating the Arterial 
Status of the Lower Extremities, Arch Int Med 73 
241 (March) 1944 
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of temperatuie to 102 F on the twenty-thud 
and twenty-fourth day of the disease The 
biopsy specimen taken on the twenty-f oui Lh day 
of the disease showed early lesions of the type 
seen on the thirteenth day of disease in the othei 
patients besides the oldei lesions which already 
displayed advanced repair The taking of a 
biopsy specimen on the twenty-fourth day m 
case 2 coincided with a rise in temperatuie to 
104 F from the twenty-fouith to the twenty- 
ninth day This specimen showed a few recent 
lesions of the eaihest type besides older ones 
A similai pictuie was seen in a specimen taken 
m case 4 on the twenty-fifth day, when the jia- 
tient’s temperatuie rose fiom normal to 100 F 
Moiphologically the lesion m the muscle ap- 
pealed to be lather typical The small focal dis- 
tribution of the lesion and the absence of signifi- 
cant hemoirhage differentiated it from Zenkei’s 
degeneiation This had alieady been pointed out 
by Jegheis and his co-workeis,® who stressed 
the characteiistic appeal ance of this lesion as 
compaied with other lesions of muscle The 
absence of vascular changes distinguished this 
lesion fiom those found in the muscles in cases 
ot rickettsial infections Conti ol sections of 

gastrocnemius muscle were taken at autopsy m 
2 cases of subacute yellow atiophy of the hvei 
after arsphenamme treatment, m 1 case of non- 
obstructive biliaiy ciirhosis of the liver, in 2 
cases of pneumococcic pneumonia with septi- 
cemia, m 1 case of staphylococcic septicemia and 
111 1 case of subacute bacterial endocarditis of 
the mitral and aortic valves No lesions resem- 
bling those of Weil’s disease weie obseived 
It is an acknowledged fact that-AVeil’s disease 
can be diagnosed only by laboiatory tests These 
consist ot dark field examination of the blood, 
urine or duodenal washings for demonstration of 
the organism, agglutination leaction, animal in- 
oculation oi culture The findings in these 7 


cases and those described in the literature sug- 
gest that the lesions m the muscles of the calf 
might be a constant and leliable featuie of this 
disease Since a biopsy specimen of the muscles 
of the calf can be taken without undue difficulty, 
this piocedure is suggested as a possible aid in 
the diagnosis of Weil’s disease 

SUMMARY AND CONCLUSIONS 

Lesions in the muscles of the calf were en- 
counteied in 16 biopsy specimens in 7 cases of 
spnochetal jaundice (Weil’s disease, spiroche- 
tosis icterohemorrhagica) 

The morphologic characteristics of these lesions 
ai e considei ed i ather typical of this disease The 
obscivations lepoitcd suggest that these lesions 
may be a constant feature of this disoider 
Biopsy of the muscles of the calf is suggested 
as a useful measuie in the diagnosis of Weil’s 
disease 

6 After this report was submitted for publication 
biopsv specimens of muscles were obtained from 12 other 
patients with suspected Weil’s disease 
In 5 cases lesions of Weil’s disease i\ere found, but in 
onlj 1 did the patient show a positne reaction to an 
agglutination test In another the reaction to an agglu- 
tination test was negative with commercial antigen, 
while the single blood sample examined by the National 
Institute of Health showed a positive reaction for L 
icterohaemorrhagiae with a titer of only 1 100 The 
agglutination test in the other 3 cases always gave nega- 
tive results 

In 1 of the remaining 7 cases Weil’s disease was 
proved by an agglutination test A single biopsy speci- 
men of muscle was reported as showing nothing sig- 
nificant, but the tissue was too severely traumatized 
during its removal to permit adequate histologic studv 
A biopsy specimen from a patient with proved t 3 '^phus 
was first considered indicative of Weil’s disease, but 
further sections clearlj revealed the typical vasculai 
lesions of rickettsial infection 
Infectious hepatitis (3 cases), reaction to arsphena- 
mine therapy (1 case) and atypical pneumonia (1 case) 
were found in the remaining 5 cases in which biopsv 
specimens gave negative results 
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REVIEW OF SOME OF THE RECENT LITERATURE 
BY DR ^AN DELLEN AND DR SCUPHAM 

Duimg the past year theie has been a definite 
decline in the numbei of publications on periph- 
eial vasculai disease Many noted and con- 
sistent woikeis in this field aie obviously de- 
voting their time and talent to the war effoit 
Some of these men have alieady collected and 
published valuable data obtainable only undei 
wartime conditions Publications associated 
with the physiology of vasculai disease are not 
as numerous as m pievious yeais, and statistical 
data on large series of cases aie conspicuously 
absent Attention should be called to the anti- 
coagulants, to fluoiescem and to lecent obseiva- 
tions on pel lai tei itis nodosa Theiapy has been 
totally neglected As m the past, this leview 
should not be consideied complete, since many 
deseiving articles have possibly been missed 

PHYSIOLOGY 

Diagnostic Tests — Naide^ recently lepoited a 
test foi estimating vasculai tone This was 
detei mined by measuiing the rate of fall in 
temperature of the extremities during a cold 
period and the rate of use duiing a period of 
application of moderate heat to the ti unk Studies 
weie performed in a constant temperature room 
at 20 C Surface temperatures of the fingeis 
and toes were recorded The importance of 
readings of fingei tempeiature lies m the fact 
that normally theie is less tone in the vessels of 
the fingers than in those of the toes, and by 
observing the response to cold and to heat at 
these sites a gradient of vasculai tone or ratio 
of vasculai i espouse in the feet to that in the 
hands can be detei mined Model ate heat was 
used to pi event most noimal persons from having 
vasodilatation, theieby distinguishing those who 

From the Department of Medicine, Northwestern 
University Medical School, the Department of Surgerj, 
the University of Illinois College of Medicine, and the 
Circulatory Group, St Luke’s Hospital 

1 Naide, M A Test for Vascular Tone in Humans 
and Its Application to the Study of Vascular Diseases 
with Special Reference to the Etiology"- and Prevention 
of Thrombophlebitis, Am J M Sc 207 606 (May) 
1944 


weie slightly vasospastic Infoimation of this 
natuie was obtained foi 53 normal pel sons, and 
a simple table was aiianged in which these 
subjects weie classified on the basis of vasculai 
tone Seven groups were obtained, langing fiom 
pel sons with low to persons with high vasculai 
tone Patients with vascular disease weie found 
to fall in the gioups with vasculai tone approach- 
ing high values Sixteen of 17 patients with 
thiombophlebitis weie also in the vasospastic 
gioups Nine of 32 patients with thrombo- 
angiitis obliteians weie in the gioup with low 
vasculai tone Vaiious othei studies weie done 
in association with this test The authoi was 
able to distinguish whether vasodilatation or 
lasoconstiiction in different persons was lo- 
cated in large oi small aiteries by comparing 
the oscillometiic index with the surface tem- 
pei aline This test opened up a new appioach 
to vascular study and was woithy of consideia- 
tion for all mteiested in this problem 

Rinzlei, Tiavell and Civin ^ correlated Allas’ 
oscillometric index with other objective evidences 
of vascular disease, namely, surface temperatuie 
and changes shown by roentgen examination of 
the vessels of the lowei extremity This index 
was described in a previous review Studies 
weie peifoimed on 84 ambulatory patients A 
coi relation of the data obtained by these three 
laboratory aids (oscillometry, determination of 
surface tempeiature and roentgenography) 
showed that as the oscillometric index decreases, 
the incidence and extent of calcification of the 
lower extremity and the incidence of abnormal 
cutaneous temperatures increase In contrast to 
the work of Atlas, these authors concluded that 
the index can be lowered from 1 0 to 0 75, as 
in their studies readings above the latter figure 
alwaj'-s indicated adequate arterial function in 
the lower extremity An index below 0 75 in 
then opinion is pathologic and compatible with 
sclerotic changes, and a value below 0 3 indi- 
cates extensive calcification and probable ad- 

2 Rinzler, S H , Traiell, J, and Cum, H The 
Oscillometric Index An Aid in E\aluating the Arterial 
Status of the Lower Extremities, Arch Int kled 73 
241 C^Iarch) 1944 
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vanced occlusjve aiterial disease The authois 
discussed oscillometiic leadings in general and 
concluded that a leading of moie than 4 at the 
ankle oi moie than 2 at the foot nearly always 
indicates normal artei lal flow A reading of less 
than 1 at the ankle oi 0 at the foot is in then 
opinion indicative of occlusive aiterial disease 

Foregger ® studied the eftect of the coinmonei 
anesthetic agents on the surface temperatuie of 
normal peisons A maximum inciease with full 
vasodilatation of the peiipheial vessels was pro- 
duced by inhalation of nitrous oxide, eth3dene, 
cyclop! opane, ether and chloioform This phe- 
nomenon occuired in the first phase of anes- 
thesia if maintained foi several minutes As a 
rule there was no fall in aiterial piessure Maxi- 
mum dilatation also followed spinal oi local block 
anesthesia Lumbai sympathetic block was not 
found to be entirely satisfactor}^, as it was painful 
and uncertain Intiavenous injection of pento- 
thal sodium produced a good response, and only 
a light plane of anesthesia was required The 
author piesented excellent charts, which can be 
consideied as records of normal responses to 
the drugs admimsteied 

Two preparations hare recently been intro- 
duced for visualizing the arterial tree in post- 
mortem specimens These are of value not only 
because they are radiopaque but because they 
facilitate dissection Tobin ^ used a pigmented 
liquid latex solution combined with a mixture 
of ethyl esters of lodophenylundecylic acid 
(pantopaque) Epstein employed a mixture of 
lead tetroxide (red lead) and glue He found 
this most useful in studying the blood supply to 
Ijmph glands and nerve tissue 

Circulation Time — The intravenous admin- 
istration of fluorescein foi measuring the circu- 
lation time Avas reported in last yeai’s rerneAv 
Additional articles have been noted Avhich elab- 
orated on its usefulness or described impror^e- 
ment in technic Lange and Boyd® measured 
the arm to face circulation time m 212 normal 
adults The time ranged between fifteen and 
tiventy seconds, the majority of values being 
betAveen fifteen and seventeen and five-tenths 
seconds The appearance of fluorescein in the 
lip under a special source of long waA^e ultia- 

3 Foregger, R Surface Temperatures During 
Anesthesia, Anesthesiology 4 392 (July) 1943 

4 Tobin, C E A Radiopaque Liquid Latex In- 
jection Medium for Blood Vessels, Am J Roentgenol 
51 386 (March) 1944 

5 Epstein, J A Method for Visualizing the Blood 
Vessels of Nerves and Otlier Tissues, Anat Rec 89 
65 (May) 1944 

6 Lange, K, and Bojd, L J Objective Methods 
to Determine the Speed of Blood Flow and Their 
Results (Fluorescein and Acetjlene), Am J M Sc 
206 438 (Oct ) 1943 


violet radiation Avas used as the end result 
These readings are m keeping AVith those ob- 
tained by most methods but sloAvei than those 
obtained by others The observations are con- 
sistent Avith results of previous investigations of 
the circulation times in the aged, during fevei 
oi Avork, and m the presence of failure of the 
light side of the heart, asthma, hyperthyroidism, 
hypothyroidism and anemia They also demon- 
strated that fluorescein can be used to determine 
the Aclocity of the floAv of blood to different 
parts of the body The aveiage time of circula- 
tion to the conjunctiva, lips, rectum and foot Avas 
ten, fifteen, eighteen and tAventy-three seconds, 
lespectively The time to the conjunctn^a u^as 
the shortest, but for obvious reasons this area 
Avas not recommended The authors also com- 
pared then results Avith those obtained Avith 
acetylene inhalations, using the latter to mea- 
sure the time Avhich elapsed until all blood in 
rapid circulation had passed the lungs at least 
once This Avas labeled as the “sloAvest cii di- 
lation time ” 

Sichei ’ repoited on his expeiience Avith fluo- 
lescein Since his light AAas small, only a part of 
the body Avas illuminated at one time Readings 
AA'eie routinely taken from the lips, fingers, base 
of the toes and other stiuctuies, depending on 
the pathologic condition being studied The 
circulation time was prolonged in cases of 
peripheral Avascular disease, and in ceitam cases 
fluorescein was not detected m an ischemic toe 
after ten minutes’ observation The authoi 
stressed the fact that fluorescence does not 
occur until blood bearing the dye has made its 
Avay Avell up into the arterioles and capillaries 
of the skin It is essentially a surface phe- 
nomenon and directly influenced by possible 
A'anations in arteriolar and capillary tonicity, in 
dilatation oi constriction The observations 
indicate that the results of the test coincide Avell 
Avith the physical findings of peripheral arterial 
obstruction The article is folloAved by a few 
statements concerning the physical and bio- 
physical nature of the phenomenon of fluo- 
rescence 

In a more recent article, Lange and Kiewei ® 
described an instrument for the objective mea- 
surement of the fluorescence of the skin and 
organs and the determination of circulation time 
and capillary permeability This instrument is 

7 Sicher, W D Circulation Time of the Extremi- 
ties Using Intravenous Administration of Fluorescein, 
Proc Staff Meet, Mayo Chn 18 515 (Dec 29) 1943 

8 Lange, K , and Krewer, S E Dermofluorometer 
Instrument for Objective Measurement of Fluorescence 
of Skin and Organs and Objective Determination of 
Circulation Time and Capillary Permeability, J Lab & 
Clin Med 28 1746 (Nov) 1943 
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called the deiiiiofluoiometer It consists of two 
paits The first is a small light emittting blue 
ra}S which are diiected toward the skin at an 
angle The lefiection of this light is registered 
on the second part, which contains a phototube 
This reflected light is yellow-green, depending on 
the fluorescence of the blood stream Filteis 
allow only the proper light to come into contact 
with the phototube This iiistiument deflects 
light in diiect proportion to the concentration of 
fluorescein present Objective measurements 
aie thus possible for determining both ciicula- 
tion time and capillary peimeabihty 

Effect of Drugs — Stead and Wairen® in- 
jected histamine into the brachial arteiy in 
human beings and noted that it inci eased the 
peimeabihty of capillaiies supplied by this artery 
A rapid loss of protein fiom the plasma was de- 
tected by compaiing the blood diaimng from the 
part before and after the injection The hemato- 
ciit leading and the hemoglobin concentration 
increased greatly, while the piotem concentration 
lose only slightly The authors failed to notice a 
similar action m uninjured tissue m the usual 
tjpes of shock 

The vaiiations m blood flow to the fingeis 
following the mtiamuscular injection of nicotinic 
acid, priscol (2-benzjlimiiiazolme), eupaveiine 
( m e t h y 1 e n e d 1 oxybenzy Imethy Imetliy lenedioxy- 
qmnolme) and prostigmme methylsulfate weie 
discussed by Introzzi and his colleagues 
Studies weie perfoimed on 17 noimal persons 
and 4 patients with Raynaud's syndrome The 
blood flow w^as measuied wuth the plethysrao- 
graph The lesults iveie inconstant, especially 
for normal subjects The tempeiature of the 
skin lose considerably with eupaveiine and pns- 
col, and the cential temperatuie geneially de- 
creased with nicotinic acid For 2 of the patients 
with Raynaud’s syndrome piostigmme was found 
effective, but the authors consideied the senes 
too small to be of significance 

Redisch and Pelzei studied the peiipheral 
capillaries of patients with migraine before and 
after the intiavenous administration of 025 to 
0 5 mg of eigotamme taitrate Studies weie 
made ivith the capillaiy microscope Impaiied 
visibility of the suiface outlines of the capillaues 
was obsened during 142 attacks of migiaine in 

9 Stead, E A , Jr , and Warren, J V The Effect 
of the Injection of Histamine into the Brachial Arterj 
on the Permeabilitj'- of the Capillaries of the Forearm 
and Hand, J Clin Investigation 23 279 (March) 1944 

10 Intiozzi, A S , Cabanne, E A, and de Soldati, 
L Plethysmographic Studies on the Action of Various 
Drugs on Caudal Flow of Blood, Rev argent de cardiol 
9 230 (Sept -Oct) 1942 

11 Redisch, W, and Pelzer, R H Capillarj 
Studies in Migraine Effect of Ergotamine Tartrate 
and Water Diuresis, Am Heart) 26*598 (Nov) 1943 


118 patients Aftei the adinmistialion of eigot- 
amme tartrate to 23 of these patients changes 
were noted in 20 This led the authois to be- 
lieve that a distui bailee in watei balance might 
exist during the attack of migiaine, and experi- 
ments weie perfoimed aftei the admimsti ation 
of 1,500 cc of watei Fourteen of the 15 pa- 
tients thus studied weie found to have an ab- 
normal "excess secietion” of urine As this 
excess secretion subsided, a migiaine headache 
developed m 21 of the 29 experiments Head- 
aches did not develop m 4 of the patients who 
had a noimal response to the ingestion of watei 
When eigotamme taitrate was injected during 
the height of the water-induced headaches, le- 
lief was obtained, but usually associated with 
diuresis and profuse perspiration These results 
are difficult to explain, but the authors belie\e 
that a relationship exists between fluid balance, 
the state of the peiipheial capillaries and mi- 
giame attacks 

Levinson and Essex made direct obseiva- 
tions on the leaction of the small blood vessels 
in the labbit’s eai to epinephime, ephedrme, 
eigotoxm and pitiessin before and aftei deneiva- 
tion Studies were made after stimulation of the 
auiiculai neives and cervical sympathetic chain 
An attempt was also made to correlate the le- 
actioiis of the blood vessels with neciopsy eii- 
dence of i egeneration, in an effoit to deteimine 
the function of the neives innervating these 
vessels The vessels were obseived thiough a 
Clark tiansparent chambei, which has proved 
suitable foi this type of study Epinephime 
caused a constriction of the aiterioles accom- 
panied by a slight nan owing of the venules 
Ephedrme pi oduced a similai response, but there 
was evidence of a lefractoimess to lepeated 
doses Pitressin m the dosage used (01 pressor 
unit pel kilogiam of body weight) resulted in 
the most pionounced vasoconstriction, but re- 
fiactoriness to lepeated injections was also noted 
Eigotoxm blocked the vasoconsti ictor action of 
epinephime Stimulation of the cervical sympa- 
thetic chain pi oduced a constriction of the 
aiterioles m the wundow more consistently than 
did stimulation of the dot sal oi great auiicular 
neives The deneivated vessels became hyper- 
sensitne to epinephime and seemed to regain 
their tone aftei this pioceduie The blocking 
action of ergotoxin was also altered b\ denei- 
\ ation 

Tobacco — There is sufficient evidence to date 
to substantiate the fact that smoking will de- 

12 Le\inson, J P , and Essex, H E Obsenations 
on the Effect of Certain Drugs on the Small Blood 
Vessels of the Rabbit Ear Before and After Dener\a- 
tion, Am J Phjsiol 139 423 (Juh) 1943 
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crease the flow of blood to the extremities The 
mechanism of action and the causative factors 
are still questioned, but the current opinion still 
favors nicotine and its effect on the sympathetic 
neivous system Evans and Stewart^® studied 
this problem and measured the peripheral blood 
flow by means of a modification of the method 
of Hardy and Sodeistrom Observations were 
made on normal persons not only after they had 
smoked the standard type of cigaret but also 
aftei their smoking denicotmized cigaret and 
cigaiets made fiom cornsilk and aftei their 
smoking through a watei pipe A decrease in 
blood flow occuried in every instance, regardless 
of the type of cigaiet smoked After the cessa- 
tion of smoking, the flow usually decreased and 
by the end of thirt) minutes letuined to normal 
In addition, the blood piessuie, pulse rate and 
rectal temperature increased legardless of the 
type of cigaiet smoked, and the temperatures ol 
the skin of the hands and feet usually decreased 
The effects on the basal metabolic rate and on 
the electrocardiogram were eithei too slight or 
too variable to be of significance Since these 
changes occurred after the smoking of the ciga- 
rets which did not contain nicotine as well as of 
those which did, it was natural foi the authors 
to conclude that nicotine was not the contributing 
factor They suggested that stimulation of the 
sympathetic neivous system bi ought about by the 
11 ntating effect of smoke on the respiratory tract 
might be responsible for the changes observed 
From the results of this study it appeared that 
smoking of any type of cigaret, regardless of its 
nicotine content, should be avoided in the pres- 
ence of peripheral vascular disease 

Blood Flow — After a unilateial peripheral 
nerve block for the release of arterial tone, it is 
not an uncommon observation to note a con- 
comitant vasoconstriction in the opposite ex- 
tremity, providing adequate dilatation is pro- 
duced on the paralyzed side Neumann and his 
colleagues reiterated this obsei vation and 
offered a logical explanation They compared 
the vasculai changes in the small vessels of the 
toes with those m the fingeis following spinal 
anesthesia They also compaied the changes in 
the fingers of the two hands following a local 
block of one stellate ganglion The pulse wave 
m the digit devoid of its sympathetic supply in- 
creased and the alpha waves decreased, but m the 
control both waves decreased to one-half or one- 

13 Evans, W F, and Stewart, H J Effect of 
Smoking Cigarets on Peripheral Blood Flow, Am 
Heart J 26 78 (July) 1943 

14 Neumann, C , Sellers, E A , Rovenstine, E A , 
Cohn, A E, and Rule, C Influence of Spinal and 
Regional Anesthesia upon Vasoconstriction and Vaso- 
dilatation of Small Peripheral Blood Vessels, Proc Soc 
Exper Biol &. Aled 53 159 (June) 1943 


quarter their former size Measurements were 
made with the pneumoplethysmograph of Tur- 
ner There weie no changes m the blood pres- 
sure or pulse late during the period of spinal oi 
legional anesthesia These phenomena weie not 
noted when occlusive vasculai disease was pies- 
ent The authors considered the mechanism to 
be one of adjustment, possibly of compensation, 
through effeient pathways of the sympathetic 
system Paralysis of these nerves permitted 
maximal expansion of the small blood vessels 
and interrupted the pathways of stimuli neces- 
sary for the formation of prominent alpha waves 
At the same time, increased sympathetic out- 
flow to certain othei vascular fields resulted in 
vasoconstriction of such intensity as to pioduce 
small pulse waves and to inhibit the relaxation 
•apparently necessary for the development of 
alpha waves 

Stewart and Evans studied the peripheial 
blood flow under basal conditions in 34 normal 
men m the third decade of life Measurements of 
blood flow were made by a modification of the 
method of Hardy and Soderstrom In using 
this method certain data were required, namely, 
cutaneous temperatures at 11 points on the an- 
terior surface of the body, rectal temperature, 
oxygen consumption, height and body weight 
The average peripheral blood flow was 52 cc 
per square meter per minute at 27 C The flow 
at room temperatures of 25 C showed a range 
from 8 to 78 cc per square meter per minute 
and at 27 from 34 to 127 cc per square 
meter per minute The flow usually varied m 
the same direction as the basal metabolic rate 
The blood pressure and pulse rate were normal 
m each instance, and there were no diffei ences m 
the averages for the subjects who were studied at 
25 C and those studied at 27 C 

The rate and control of blood flow through the 
skin of the uppei extremities were recently com- 
puted by Goetz Studies were performed on 
800 persons, and the determinations were made _ 
with the optical plethysmograph This apparatus 
IS similar to the finger plethysmograph described 
by Johnson It is extremely sensitive and cap- 
able of registering not only the actual volume 
of the digits (skin) but the shape and height of 
the individual volume pulse He found the pulse 
volume m the digits of normal wai m-handed sub- 
jects to vary between 0 003 cc during full con- 
stiiction and 0 025 cc at full dilatation The 
height of the pulse volume was considered a 
more sensitive measure of vasomotor tone and of 

15 Stewart, H J, and Evans, W F Peripheral 
Blood Flow Under Basal Conditions in Normal Male 
Subjects in Third Decade, Am Heart J 26 67 (July) 1943 

16 Goetz, R H Rate and Control of Blood Flow 
Through Skin of Upper Extremities, South African 
J M Sc 8 65 (Feb ) 1943 
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the potency of the artenal tiee than most 
methods used foi similai study Compaimg it 
with surface temperature, Goetz showed that 
when the latter i cached the normal vasodilating 
level tiacmgs of the pulse volume might demon- 
strate a deci eased flow indicative of organic vas- 
culai disease The rate of blood flow in the 
fingeis of noimal subjects was measuied by 
means of the venous congestion test This late 
vaiied between 3 cc per minute foi 100 cc of 
tissue during maximal constiiction and 94 cc 
during dilation The late of blood flow in the 
skin of the terminal phalanx was found to exceed 
that of the skin of the other phalanges 
Bai croft and Edholm desciibed the variations 
in blood flow of the foieaim as a lesult of 
changes m tempei atui e of the sui rounding water 
in the plethysmogiaph Studies of deep muscle 
tempei atuie weie also perfoimed Readings 
weie obtained foi a two houi peiiod with water 
tempei atuies langing fiom 13 to 45 C The 
aveiage values foi blood flow in the foiearm 
1 anged fi om 0 5 cc per hundi ed cubic centi- 
meteis of foiearm per minute at 13 C to 17 6 cc 
at 45 C The flow-time lelations fell into thiee 
gioups 1 At 13 0 to 35 0 C theie was a slight 
deciease m flow during the two houi period, 
which was not conspicuous except in the first 
fifteen minutes 2 At 37 0 to 45 0 C the flow 
mci eased to a maximum in about one hom and 
then decreased steadily 3 At 45 C theie was 
an mciease to a maximum m thirty to foity-five 
minutes and the flow then lemained constant 
The authois also noted that spontaneous fluctu- 
ations in blood flow were more frequent at 
highei tempei atures The deep muscle tem- 
pei ature taken fiom the middle of the upper 
pait of the foreaim ranged from 180 C after 
two hours’ immersion at 13 0 C to 39 0 C after 
thiity minutes’ immeision at 42 5 to 45 0 C 

The blood flow patterns of various aiteries 
veie optically recorded by Shipley, Giegg and 
Schi oeder with an improved orifice type flow 
metei These patterns were found to be charac- 
teiistically distinctive of a given aitery and its 
bed Foi heteionymous arteries the pattern 
exhibited wide vaiiations in magnitude, timing, 
diiection and rate of flow but showed similarity 
of contour to the respective pressuie pulses of 
the aiteries Back flow components existed in 
the femoral and axillary arterial flow and less 
fiequently m the common carotid pattern, but 
the lenal, hepatic and supeiioi mesenteric 

17 Barcroft, H , and Edholm, O G The Effect 
of Temperature on Blood Flow and Deep Temperature 
in the Human Forearm, J Physiol 102 5 (June 30) 1943 

18 Shiple\ , R E , Gregg, D E , and Schroeder, 
E F An E\i>enmental Study of Flow Patterns in 
Various Peripheral Arteries, Am J Ph 3 '^siol 138 718 
(April) 1943 


arteries exhibited only a foiwaid flow This 
study lends itself to a qualitative evaluation of 
differences among the flow patterns of the same 
or of different arteries under \ arious physiologic 
conditions 

The efifect on the peripheral circulation of a 
period of lelative anoxia was studied in a senes 
of 25 normal subjects by Abiamson and his 
associates,^*’ using the venous occlusion plethys- 
mograph. Anoxia was obtained by the in- 
halation of an oxygen-poor gas mixtuie (10 pei 
cent oxygen and 90 per cent nitiogen) foi 
periods of ten to twenty-seven minutes. Dm mg 
these periods they noted a small but definite m- 
ciease in the late at which blood flowed thiough 
the foiearm and leg and geneially a decrease m 
the circulation m the hand In view of the fact 
that the vessels in the hand respond to all types 
of vasoconstricting stimuli, the results obtained 
dm mg the period of anoxia were not consideied 
gieatly significant Associated wnth the increase 
in the blood ciiculatmg thiough the foiearm and 
leg w^ere a significant augmentation m pulse 
late, a slight elevation of systolic blood pressuie 
and vaiiable changes in the rate of respnation 
The circulatoiy lesponse to a period of exercise 
during the inhalation of the oxygen-pooi gas 
was also compared with that obtained undei 
noimal circumstances The lesults w^ere in- 
tei preted to indicate that the compensatory ad- 
justments to work in a state of lelative anoxia 
were not as adequate as those elicited noimally 

Himmelsbach studied the blood flow in drug 
addicts He used the venous occlusion plethys- 
niographic method of Hewlett and Van Zwalu- 
wenbuig The resting blood flow to the hands 
of morphine addicts and formei addicts was 
found to be subnormal, whereas that of mari- 
huana users w'^as normal Morphine was found 
to cause a significant increase in the rate of 
blood flow to the hands of addicts, of former ad- 
dicts and of normal controls The total increase 
to the hand in the first hour after the injection 
was greater wuth 10 and 20 mg than with 40 
and 60 mg Demerol hydrochloride (the hydro- 
chloride of the ethyl ester of l-methyl-4-phenyl- 
piperidine-4-carbonic acid) also increased the 
blood flow to the hand These results are of in- 
teiest from the vascular standpoint, but the 
authoi implied, so far as the addiction problem 
was concerned, that the formei addict was tense 
and morphine relieved this state through a de- 
piession of the sympathetic division of the ner- 

19 Abramson, D I , Landt, H , and Benjamin, J E 
Peripheral Vascular Response to Acute Anoxia, Arch 
Int Med 71 583 (Ma>) 1943 
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•\ ous system Lai gei doses tended to evoke coun- 
ter action 

Studies on the suiface tempeiatures of pei- 
sons with induced vitamin B deficiencies veie 
lecently reported by Roth and her colleagues 
These were peifoiined on 8 subjects uiidei con- 
trolled emironmental, postuial and metabolic 
conditions In no case did deficiencies in thia- 
mine, riboflavin and othei components of the 
vitamin B complex show any degiee of vaso- 
motor disturbances as evidenced by ineasiiie- 
ments of cutaneous temperatuie and deteimina- 
tions of rates of cooling and wanning of body 
tissue 

Denervation — Obseivations weie made by 
Essex and associates "" on the blood flow in the 
femoral arteries of a dog at inteivals ovei a 
period of ten }ears and two months Blood flow 
was measured in both femoial arteiics simul- 
taneously with the aiea undei infiltiation 
anesthesia before and aftei sympathetic ganglio- 
nectoiny and at larious tunes up to ten yeais 
and two months theieaftei Whereas the flow 
was tw'ice as great in the left or sympathec- 
tomized limb as it w^as in the right, or contiol 
limb fifteen daj s and also ten months and 
twenty-five days aftei the sympathectomy, the 
flow w'as almost the same in the twm hmbs nine 
and also ten years aftei the operation The 
lessels of the sympathectomized leg w^ere found 
to be hypersensitive to epmephrme more than 
nine and ten years following sjanpathectoniy 
This was demonstrated by injectiong a small 
amount of epinephrine hydrochloride, wdneh 
caused so much constriction of the vessels of the 
sympathectomized side that the flow" w’as ml foi 
at least two minutes The flow" on the contiol 
side determined at the same time w"as only 
slightly altered Simultaneous plethysmogiaplnc 
records of the two hindfeet further confirmed 
the observations on blood flow, since there w"as a 
transient decrease of the volume of the inner- 
vated foot but a prolonged deciease of that of 
the denervated foot in i espouse to small doses 
of epinephrine Histologic examination of a toe 
from each hmdfoot showed that the aiteiioles 
of the left, or sympathectomized, foot had undei - 
gone hypertrophy This was confined to the 
muscularis coat of the -vessels The vessels of 
the control side did not show" this change 

21 Roth, G , Williams, R D , and Sheard, C 
Skin Temperatures of the Extremities of Persons with 
Induced Deficiencies of Thiamine, Riboflavin and Other 
Components of the B Complex, J Clm Investigation 
23 373 (May) 1944 

22 Essex, H E , Herrick, J F , Baldes, E J , and 
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Richaids*® lepoited at length his obseivations 
of the \asomotoi distuibances in the hand follow- 
ing a division of a peripheial neive He used 
the surface temperatuie as an index of vaso- 
motor response The results were divided into 
two phases an initial phase of vasodilatation, 
due to the inteiiuption of the sympathetic vaso- 
constrictoi fibeis, and a second, but permanent, 
phase, in w"hich the tempei aline of the area 
appioximated that of its environment There 
was no deal cut distinction in time betw"een 
these two phases Although Richards was un- 
able to understand the factors responsible foi 
the change to the cold phase, he believed that 
such conditions as lowering of local metabolism, 
sensitization of denenated blood vessels to 
ciiculating epmephiine and loss of afferent neive 
fibeis responsible for the “axon leflex” probabh 
played a significant lole 

Richards also noted that a digit which w"as 
incompletely denervated might show" an almost 
normal reflex vasomotor activity, whereas a 
completely deneiwated digit does not respond 
reflexly to changes in body temperature but 
responds to the local metabolic needs of the tis- 
sues Studies on denenated limbs have been 
done before, and m general their findings have 
been m agreement w"ith those of Richards The 
exact lole plajed by -various neive structures is 
not entirely settled Doupe has recently pub- 
lished a series of ai tides on his observations on 
subjects with pieganglionic and ganglionic sym- 
pathectomies and patients w'lth lesions of periph- 
eral neives The ciiculation w"as evaluated nl 
some w"ith the usual theimocouple and in othei s 
with the plethysraograph Vaiious measuies 
w"ere used to modify the ciiculation, mainly 
application of heat or of cold The digital 
vasculai leactions accompanying lesions of 
peripheial neives w"eie found to be similar to 
those follow'ing sympathetic ganglionectomy 
The authoi expressed the belief that the ten- 
dency to coldness of completely denervated digits 
w'as due to hypei sensitivity to the local vaso- 
constricting action of the sympathetic fibeis 
The action of cold w"as made apparent m de- 
neivated digits because of the facilities for loss 
of hfeat afforded by vasoconstriction in the re- 
mamdei of the limb, by the action of epinephrine 
and by the cooling by disuse After reactive 
hypei emia the flow of blood to the denervated 

23 Richards, R L Vasomotoi Disturbances in 
Hand After Injuries of Peripheral Nerves, Edinburgh 
M J 50-449 (Aug) 1943 
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digit was commensurate with the needs of the tis- 
sues Doupe concluded by stating the belief that 
no correlation exists between Raynaud’s syndi ome 
and denervation sensitivity, in that the blood flow 
to the tissues in the presence of lesions of a 
peripheral neive is adequate to the needs of the 
tissue, while with Raynaud’s syndrome ischemia 
occurs He also expiessed the view that the 
effect of tempeiature on the vessels is dependent 
on changes of pn and resulting changes in 
metabolism of the tissue Loweiing of the tem- 
peiature deci eases the formation of acid metab- 
olites and so indiiectly leads to an elevation of 
pH and vasoconsti iction The opposite occurs 
with heat 

Doupe presented a case report supporting in 
part the theoiy of Lewis that the fibers concerned 
m axonal vasodilatation belong to the posterior 
root but aie not afferent fibeis In his case 
the ulnar neive had been sectioned and the 
median nerve was found to have an unusual 
distribution Evidence was presented to show 
that axonal vasodilatation was mediated in pait 
by fibers othei than those associated with sen- 
sation In contiast to the view of Lewis, this 
author expressed the belief that potent vaso- 
dilating substances might be liberated from neive 
fibers neai their termination 

The same author lepoited the effects of in- 
■ jections of epinephrine hydrochloride on the 
circulation of denervated digits and observations 
indicating the release of natural epinephrine 
Like others, he found the vessels of deneivated 
digits with associated degeneiation of their sym- 
pathetic fibers to have a loweied threshold and 
a prolonged response to the action of epinephrine, 
whereas the vessels m preganglionectomized 
digits showed only a loweied threshold Con- 
flicting results weie obtained concerning the 
function of epinephime in legulation of tem- 
peiature, but the authoi inferied that the need 
foi conservation of heat did not consistently 
^ evoke the secretion of epinephrine The latter 
was also tiue in peiipheial neuiogenic vaso- 
constriction Epinephrine was capable of being 
libeiated in the body in amounts compaiable to 
the intravenous injection of 2 0 micrograms and 
foi longer periods at the rate of 60 microgiams 
pel minute He finally consideied that undei 
other circumstances much laigei amounts might 
be liberated and would suffice to initiate a pei- 
sistent vasoconstriction in a deneivated digit 

Potassium — Rewell leported a significant 
elev ation of sei um potassium aftei the i emov al of 

'^a tourniquet applied to a limb duiing the couise 
< - — ■ 

25 Rewell, R E Rise in Potassium Concentration 
in Blood Stream Following Ischemia of Aluscle Masses, 
But M J 2 4S3 (Oct 16) 1943 


of various oithopaedic piocedures Twelve 
cases weie studied, and the period of ischemia 
lasted from thirty-five to one bundled minutes 
This stud} lends suppoit to the contention that 
potassium plays a majoi lole m the production 
of pain during ischemia Rewell suggested that 
the extra potassium in the ciiculation might come 
fiom the ischemic area but that it might also 
oiiginate in the hvei by the action of a hypo- 
thetic substance released m the limb 

Anticoagulants — The popularity of dicou- 
maiin (3,3'-methylenebis-[4-hydroxycouniaim] ) 
and heparin is evident from the inci easing num- 
ber of publications about them Fioni these a 
few have been selected for pi esentation here A 
collective review on these piepaiations was pie- 
sented by Pfeiftei and Sam 

Attempts aie being made to piolong the action 
of hepaiin, which would eliminate one of its chief 
disadvantages Loewe, Rosenblatt and Le- 
derer-^ administered the diug m the Pitkin* 
menstruum and found this mixture capable of pi o- 
longing the coagulation time in labbits The 
effects of a single dose lasted fiom twenty-four 
to as much as seventy-two houis In seveial 
animals hepai inization was initiated with 50 mg 
of heparin m this menstiuum and continued as 
lequired with 25 mg doses In this manner it 
was possible to maintain adequate heparinization 
over a two week period with a total dose of 
100 mg This can be contiasted with a two 
week requirement of 630 mg of commercial 
heparin given subcutaneously in fi actional daily 
doses of about 45 mg The authors expiessed 
the opinion that by fuither levamping the mix- 
ture a moie prolonged absoiption might occur 

Bryson^® was also able to piolong the anti- 
coagulant action of hepai in bv suspending it in 
a beeswax-sesame oil mixtuie For proper sus- 
pension the heparin w'as finely powdered 
Studies w^eie peifoimed on dogs After injec- 
tions of 100 to 150 mg of heparin in 0 5 to 
1 5 cc of the beeswax mixture, the coagulation 
time of the blood w^as inci eased foi peiiods which 
langed from seventeen to seventy hours In 
most instances the coagulation time during these 
peiiods was wutliin satisfactorv theiapeutic 
limits Judd, in discussing this method of ad- 
ministi ation, leported its effect on 5 patients 
Tw'o hundred milhgianis of hepai in in 2 cc of 
the 10 per cent mixtuie of beeswax was injected 

26 Pfeiffer, D B, and Sam, F D Heparin and 
Dicumarol, Internat Abstr Surg 78 109 (Feb ) 1944 

27 Loeve, L, Rosenblatt, P, and Lederer, M 
A New Method of Administering Heparin, Proc Soc 
Expcr Biol &. Med 50 53 (Ma\ ) 1942 

28 Bryson, J C, and Code, C F Prolonged Anti- 
coagulant Action of Heparin in a Beesw'ax Mixture, 
Proc Staff Meet, Majo Clin 19 100 (Feb 23) 1944’ 
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intramuscularly m most of the patients The 
injection was harmless, and an elevation in the 
clotting time of the blood was pioduced in each 
case The peak of the reaction was reached m 
twenty-four hours, at which point a “plateau” 
developed and was maintained for from three to 
five days This series is unfortunately too small 
to permit any definite conclusions 

The synergistic action of heparin and dicou- 
marin was recently studied by Walker and 
Rhoads They reported that under controlled 
conditions the action of heparin was enhanced 
by dicoumarm when the prothrombin time was 
depressed to 20 or 30 per cent of normal by the 
action of the latter drug From one half to one 
third of the usual amount of heparin was needed 
to produce a given effect in the subjects treated 
with dicoumarm This is not unreasonable when 
one considers that dicoumarm reduces prothrom- 
bin and that the susceptibility to the action of 
heparin is related to the amounts of prothrombin 
and thiombin in circulation From a clinical 
standpoint the importance of this obseivation is 
questioned, as the drugs are seldom used to- 
gether except when quick anticoagulant action 
IS desired, and undei these ciicumstances foi a 
few days only 

Meyer and Spoonei found that dicoumarm 
was absorbed when administered rectally and 
pioduced effects similar to those resulting from 
oral or intravenous exhibition of the drug 
There was no change in the latent period by 
this method of administiation It was inserted 
either m an aqueous suspension or m a cocoa 
butter suppository. 

McCaiter and his colleagues®^ administered 
various doses of dicoumarm to a senes of 29 
dogs The amount administered was far larger 
than necessary for therapeutic purposes The 
animals were killed and the following outstand- 
ing morphologic evidences of poisoning were 
noted toxic lesions of the small blood vessels 
sufficient to make hemorrhages almost inevitable, 
acute renal glomerular swelling and a toxic 
reaction in the lymphoid tissues No necrosis 
of the liver and no consistent hepatic degenera- 
tive lesions were found In 6 dogs receiving 
dicoumarm at therapeutic levels of dosage, one 
mild lymphoid tissue reaction was noted 

29 Walker, J, and Rhoads, J E Effect of Djcu- 
marol on Susceptibility to Action of Heparin, Surgery 
15 859 (May) 1944 

30 Meyer, O O , and Spooner, M The Rectal 
Administration of Dicumarol, Proc Soc Exper Biol 
& Med 54 88 (Oct) 1943 

31 McCarter, J C , Bingham, J B , and Meyer, 
O O Studies on the Hemorrhagic Agent 3,3'-Methyl- 
enebis (4-Hydroxycoumarin) IV The Pathologic 
Findings After the Administration of Dicumarol, Am 
J Path 20 651 (May) 1944 


Autopsies performed on 5 human beings with 
a vaiiety of diseases who were receiving dicou- 
marm at the time of death revealed none of the , 
toxic changes just ^described In several in- 
stances a mild lymphoid reaction could be de- 
tected 

Cahan®® described a patient who leceived 
2,800 mg of dicoumarm m thirty-two dajs and 
had hemorrhagic and purpuric manifestations. 
There were an associated prolongation of the 
iileeding time and a pronounced deficiency 
of protliiombin without reduction in plate- 
lets, capillaiy fi agility oi abnormality m 
clot reti action This patient had received di- 
coumaiin m almost daily doses of 100 mg during 
the thirty-tw o days before he came to the authoi 
as a patient Cahan concluded that toxicity 
caused by dicoumarm induces not only hypo- 
prothrombinemia but an inci eased sensitivity of 
the vasculai bed to trauma This conclusion 
was derived from the behavior of the skin fol- 
lowing a needle puncture tourniquet test 

Lucia and Aggelei recommended vitamin 
oxide as a means of treating dicoumaiin-mduced 
hemoirhages He was able to elevate the pro- 
thrombin concentration in the blood of a man 
who had received large doses of dicoumarm by 
the intravenous injection of 500 mg of vitamin 
* Ki oxide The period elapsing between the 
institution of treatment vith vitamin oxide ' 
and the cessation of the hemorrhagic phenomena 
was too long to make the method entirely 
satisfactoiy 

Morton and co-workers have perfoimed a 
group of experiments to study the possible 
influence of vitamin K on thrombus formation 
in dogs The radial and saphenous veins of 
the legs of 52 dogs were traumatized mechan- 
ically by scarifying the mtima with a hooked 
needle The veins were removed at forty-eight 
and nmety-six hour intervals aftei ward Twenty- 
seven of the animals received a surplus of syn- 
thetic vitamin K along with the regular diet'"^ 
for a week prior to the injury, and the remain- 
ing 25 were utilized as controls Determina- 
tions of piothiombm and clotting times as well 
as hematocrit determinations were made at 
intervals on each animal without demonstrating 
any effect of the administration of synthetic 
vitamin K 

32 Cahan, A Hemorrhage and Purpura Caused bj’- 
Dicoumarm, New England J Med 228 820 (June) 1943. 

33 Lucia, S P , and Aggeler, P M Treatment 

of Dicumarol-Induced Hypoprothrombinemic Hemor- 
rhage with Vitamin Ki Oxide, Proc Soc Exper BioL , 
& Med 56 36 (May) 1944 f 

34 Mprton, C B , Shearburn, E W , and Burger, 

R E Synthetic Vitamin K and the Thrombosis of 
Veins Following Injury, Surgery 14 915 (Dec) 1943 
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The incidence of thiombosis after injury to 
the intima of the veins was not significantly in- 
creased coincident with the administration of 
synthetic vitamin K, being 33 0 per cent in the 
control group and 38 0 per cent in the group 
given the vitamin K preparation The small 
difference was not considered important The 
prothrombin values did not significantly change 
after the administration of synthetic vitamin K 
There was no significant difference m the results 
obtained with synthetic preparations from two 
different manufacturers The dogs with a 
hematocrit reading below 40 per cent, however, 

1 evealed a slightly higher incidence of thrombosis 
in both the control and the vitamin K-fed group 

Clinically, the incidence of thrombophlebitis 
was less m a small group of women given syn- 
thetic vitamin K just before or at the time of 
deliveiy than in a largei group receiving no 
exogenous vitamin K except in the normal diet 

Different results were obtained by Rabino- 
vitch and Pines with heparin They were 
able to produce local clot formation m the veins 
of rabbits by a forcible pull on the vein followed 
by partial constriction at the site of injury 
When heparin was administeied even m small 
doses befoie injury of the vein and formation 
of a thrombus, it prevented the subsequent de- 
velopment of a local intravascular clot The 
authoi s also found it unnecessary in their experi- 
ments to admimstei the anticoagulant continu- 
ously 111 Older to obtain the desired effects of 
the drug In a certain number of animals, 
hepaiin proved effective in causing the solution 
01 disappearance of a thrombus, but only when 
given duiing the early stages of clot formation 
It had no effect when given after the clot had 
alieady organized 

Shapii o, Redish and Campbell administered 
dicoumaim to 18 patients with hepatic disease 
and hypoprothrombinemia The dose selected 
was 50 mg , as this amount was considered one- 
' half the minimal dose capable of prolonging the 
piothrombin time in normal persons All of the 
patients with Laennec’s cirrhosis with marked 
01 moderate preexisting prolongation of the 
diluted plasma prothrombin time showed a 
definite response to the smaller dose of di- 
coumarin Of the 6 patients with slightly pro- 
longed diluted plasma prothrombin time, 3 
showed further increase, while those with an 

1 35 Rabmovitch, J , and Pines, B Effect of Heparin 

on Experimentally Produced Venous Thrombosis, Sur- 
gery 14 669 (Nov ) 1943 

^ 36 Shapiro, S , Redish, M H , and Campbell, H A 

Studies on Prothrombin II The Effects of a Single 
Small Dose of Dicumarol (3,3'-Methjdenebis [4-Hv- 
droxycoumarin] ) m Liver Disease, Am J M Sc 205 
808 (June) 1943 


initial normal piothrombin time did not lespond 
to dicoumarm In those in which prolongation 
did occur the time of the first detectable change 
was the same as in normal persons 

Wasserman and Stats found that dicou- 
marm produced a variable response m 71 adult 
patients The drug was administeied m the usual 
manner They expressed the belief that patients 
receiving this drug must be individualized, as 
a fixed dosage schedule cannot be made Of the 
8 patients in whom hemorrhages developed, one 
died The authors did not elucidate on this 
patient’s case, but it was noted that his pio- 
thrombm time was 7 per cent at the time of 
bleeding This occurred at the site of an ampu- 
tation and from the rectum In 4 othei cases 
transfusions of fresh blood did not ariest the 
hemorrhagic tendency due to dicoumarm Sev- 
eral instances weie leported in which embolism, 
thrombosis or progression of existing venous 
thrombosis occurred despite a low blood pro- 
thrombin The drug failed to pioduce sympto- 
matic improvement in 10 cases of occlusn e 
peripheral vascular disease during a three month 
trial The authors concluded that dicoumarm 
needs fuither trial before its effects in cases of 
peripheral venous thromboses and of pulmonaiy 
infarction can be determined 

Evans also emphasized the dangei s and dis- 
advantages of dicoumarm, but in his opinion the 
obvious advantages so far outweigh the dangei s 
of this preventive method if adequate laboiatoiy 
facilities and pioper precautions aie obseived 
Fifty-six patients were treated with dicqumarin 
alone or with dicoumarm combined with heparin. 
Of the 4 deaths that occurred, 2 were ascribed 
directly to dicoumarm poisoning and hemoi- 
rhage Hemorrhagic phenomena weie evident 
m 8 cases (14 per cent) Evans reemphasized 
the principal precaution m administration of di- 
coumarin, namely, to determine the morning pro- 
thrombin time before ordering the daih'- main- 
tenance dose The combined use of heparin and 
dicoumarm was considered safe only if the doses 
of hepaim were conti oiled by determinations of 
the prothrombin time twice dailv 

ATHEROSCLEROSIS 

The current literature again stresses the im- 
portance of the lipids m the causation of athero- 
sclerosis An excellent review on this subject 
was recently presented by Hirsch and ^^^em- 

37 Wasserman, L R , and Stats, D Clinical Ob- 
seixations on tlie Effect of 3,3'-Methjlenebis (4-H\- 
droxTcoumann), Am J M Sc 206 466 (Oct) 1943. 

38 Evans, J A Dicumarol Therap 3 m Throm- 
botic Emergencies, Ncv' England J Med 230 Hf 
(Feb 3) 1944 
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house The evidence piesented in their review 
favors the opinion that atherosclerosis develops 
from disturbances in the metabolism of lipids 
which have infiltrated into the tissues of the 
intima 

Daubei and Katz reported additional infor- 
mation on the production of atherosclerosis in 
the cluck with cholesterol By conti oiled ex- 
periments they eliminated the factor of cotton- 
seed oil and simple underfeeding in the produc- 
tion of atheroma Forty-three 3 month old 
cockerels \vere divided into four gioups One 
group received hbeial amounts of an adequate 
diet for SIX months The second gioup received 
the same diet plus cottonseed oil The third 
group was placed on a regimen of lestncted 
feeding, and the fourth gioup leceived the basic 
mash plus 2 pei cent cholesteiol in cottonseed 
oil Every cholesterol-fed chick acquired athero- 
sclerosis of the thoracic and the abdominal aoita 
and of their major branches Atheroma ivas not 
present m any of the other groups, but the 
cockerels not fed cholesterol showed a high in- 
cidence of intimal fibrosis of the abdominal aorta 
with or without lipid The authors considered 
the latter pathologic change as an early spon- 
taneous vascular lesion, but in no instance ivas 
foam cell atheroma or calcification noted 

Holman confirmed preiious work on the 
experimental production of a necrotizing arteiitis 
m hypertensive dogs with renal insufficiency and 
also noted that by controlling the diet these 
lesions were pioduced with a greater degree of 
regularity This was demonstiated b} the ob- 
servation that typical arterial lesions developed 
m only 5 2 per cent of the hypei tensive dogs 
receiving the regular kennel diet, wheieas such 
pathologic changes developed in 88 per cent 
of the animals which w^ere fed a specially 
prepared diet The latter consisted of calves’ 
liver, cane sugar, corn staich, butter, cod liver 
oil, a salt mixture, kaolin and tomato juice It 
was found necessary to feed this diet piioi to 
the production of renal insufficiency Certain 
other factors were found to influence the devel- 
opment of these lesions Citiate and homologous 
plasma augmented their production, and a saline- 
citrate solution not only prevented then occur- 
rence but also piotected the dogs against death 

39 Hirsch, E F , and Weinhouse, S The Role of 
the Lipids in Atherosclerosis, Physiol Rev 23 185 
(July) 1943 

40 Dauber, D V . and Katz, L N Experimental 
Atherosclerosis in the Chick, Arch Path 36 473 
(Nov ) 1943 

41 Holman, R L Necrotizing Arteritis in Dogs 
Related to Diet and Renal Insufficiency V Evidence 
for a Dietary Factor, Am J Path 19 977 (Nov ) 1943 


aftei a dose of uranium nitrate which had pre- 
viously proved lethal to 12 of 13 control animals 
The author concluded that if a dietary factor was 
involved m the production of arterial lesions it 
manifested itself only in the presence of renal 
insufficiency 

Bruger, Wright and Wiland continued then 
studies on the effect of testosterone propionate 
and estradiol dipiopionate on the cholesterol 
content of the blood and of the aorta in female 
rabbits fed cholesterol Previous studies had 
shown that these hormones inhibited the develop- 
ment of hypercholesteremia and prevented dis- 
position of cholesterol in the aorta The addi- 
tional studies were done on castiated female 
rabbits Testosterone propionate and estradiol 
dipropionate failed to inhibit the hypercholestere- 
mia and excess deposition of cholesterol in the 
aortas of the animals that were fed cholesterol, 
in contrast to its protective action in the normal 
female rabbit Control studies revealed that the 
presence or absence of the female gonad had little 
influence on the cholesterol content of the blood 
or of the aorta, normally or after feeding of 
cholesterol 

An uncommon lesion of smallei arteries was 
recently described by Sheehan They w^ere 
found in organs subjected to roentgen theiapy 
Thej’^ consisted of a plaquehke thickening of the 
Ultima due to a collection of foam cells alone 
01 of foam cells mixed with vaiious other cells, 
fluid, fibrin or hyaline material This was most 
pronounced between the endothelium and the in- 
ternal elastic membrane Occasional changes 
weie noted in the adjacent inteinal elastic mem- 
brane, media and adventitia These plaques 
caused a nai rowing of the lumen or even occlu- 
sion Thiombosis, fibioblastic prohf elation of 
the Ultima or deposition of elastic tissue in the 
thickened intima seldom occuired The author 
expiessed the opinion that ii radiation of the 
endothelial cells causes not only morphologic 
changes but also sufficient change m their pei- 
meabihty to peimit red cells, as well as lympho- 
cytes and monocytes, to pass thiough and ac- 
cumulate in the intima The disintegration of 
the red cells or of thrombi m the intima hbeiates 
a lipoid substance which is subsequently phago- 
cytosed by monocytes and converted into foam 
cells These foam cells closely resemble the eaity 
lesions of atherosclerosis 

42 Bruger, M , Wright, I S, and Wiland, J ^ 

Experimental Atherosclerosis, Arch Path 36 612 
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EMBOLISM AND THROMBOSIS 

Spiegel, Fnedlaiidei and Silbeit^^ attempted 
to pi event gangi ene in the limbs of cats and dogs 
b} antotransfusion pioximal to the site of occlu- 
sion Sufficient ischemia with lesulting gan- 
gi ene was pioduced by seveial piocedures 
Bilateral ischemic paialysis and gangrene of the 
lower extiemities in cats were pioduced in 10 
of 12 experiments in which the three terminal 
blanches of the abdominal aorta and the anas- 
tomotic branches of the femoral arteries were 
ligated Unilateial ischemic paialysis and gan- 
gi ene of the lowei extiemit)^ were produced in 
cats m 4 of 5 experiments in which the middle 
hemorrhoidal, the common iliac and the homo- 
lateral anastomotic branches of the femoial 
arter}’' were ligated In 3 of 6 experiments on 
dogs, gangrene of the lowei extremities was 
produced by ligating the three terminal branches 
of the aorta The authois then transfused the 
aitery proximal to the ligation, and in some ex- 
pel iments pulsations in the vessels returned for 
se\eral hours The blood was obtained from 
donor arteries and in other cases fiom the ab- 
dominal venous reservoir Even though many 
failures were encountered and the results none 
too conclusive the experiments were of interest 
and worthv of mention 

Eight additional cases of gangi ene of the 
finger following a digital neive block were de- 
scribed b} O’Neil and Byrne Although the 
exact cause foi this complication is not known, 
the authors believed that the injected solution 
may interfere with the digital ciiculation and 
produce gangrene if too much solution is in- 
jected, if epinephrine is present in the solution 
01 if tourniquets are used They also con- 
sidered the possibility of minimal circulatory 
damage being aggravated by subsequent soak- 
ing of the finger in water sufficiently warm to 
hasten devitalization of the tissue They sug- 
gested that digital nerve block be replaced when- 
ever possible by geneial anesthesia If this is 
not feasible small quantities of an epinephrine- 
fiee solution should be used without the aid 
of a tourniquet 

Gangrene as a complication of an infectious 
disease is uncommon, and only 1 or 2 cases are 
reported each year Scailet fever is the most 
common offender and children the victims An 
interesting senes of 3 cases was reported by 

44 Spiegel, R , Friedlander, M , and Silbert, S 
Prevention of Gangrene Following Ligation of Major 
Arteries Experimental Study, Surg, Gynec & Obst 
77 162 (Aug) 1943 

^ 45 O’Neil, E E , and Byrne, J J Gangrene of 
Finger Following Digital Nerve Block Report of 
Eight Cases with Discussion of Gangrene Pathogenesis 
Am J Surg 64 80 (April) 1944 


■N. 

Kahn and Heubi The patients were all chil- 
dien fiom one family who conti acted scailet 
fevei during the same season All had com- 
plicating peiipheial thrombosis and 2 of the 3 
children subsequently died Levin and McEIroy,^' 
also desciibed a case of thrombosis of the light 
axillary aiteiy following cei ebi ospinal fever 
Gangi ene developed and ultimately lequired 
amputation 

A case of quadiipedal gangi ene m a woman 
of 25 was 1 epoi ted by Fusco and Kell It was 
considered to be of syphilitic origin, as no othei 
etiologic factor could be found Oppenheim 
and Cohen repoited a case of localized gan- 
gi ene on the hip of a syphilitic patient following 
an intiamuscular injection of mercuiic salicylate 
They attiibuted the gangrene to an arterial 
embolus produced by the crystals of the insol- 
uble mercuric salicylate injected accidentally 
into a small artery 

Studies on a case of symmetiic gangrene of 
the tips of the extremities due to cold hemag- 
glutination wei e 1 eported by Stats and Bullowa 
The patient was a 64 j-eai old American Negro 
111 whom gangrene developed after moderate ex- 
jiosure to cold Theie was no evidence of 
peripheral vascular disease Hemoglobmuiia 
was present No cause could be found to ex- 
plain the presence of the cold hemagglutinin 
There was no evidence of syphilis or hemolytic 
anemia The authors weie able to demonstrate 
the piesence of localized hemoglobmemia by ex- 
posing one limb to cold Hemagglutination was 
also pioduced in the capillaries of the conjunc- 
tiva by similar exposure 

THROMBOANGIITIS OBLITERANS 

Only a few ai tides on this disorder came to 
our attention duiing the past yeai Cases of 
thromboangiitis obliteians m women were de- 
sciibed by Le Fevre and Buins®^ and Atlas 

46 Kahn, A J , and Heubi, J E Postscarlet 
Fever Thromboses, Quart Bull Indiana Univ M Cen- 
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The patient reported on by the latter authoi was 
a 68 year old woman, and pathologic studies 
confiimed his diagnosis Of additional interest 
was the fact that she reached the age of 68 
before the peiipheral vascular distuibance mani- 
fested itself clinically 

Edwards and Edwards repoi ted on the 
pathologic changes in the venous valves in 
thromboangiitis obliterans These valves weie 
found to be extensively and seriously damaged 
The lesions resembled those found elsewhere in 
the vascular tree, namely, inflammation, throm- 
bosis and dilatation secondary to the obstruction 
by these processes Either the valves were dis- 
rupted by the inflammatoiy process, or their 
excursion was limited by the extent of involve- 
ment on the valve itself oi on the adjacent vessel 
wall Adhesions were also noted In obstruc- 
tive thrombosis the valve was destroyed by the 
organization and recanahzation In mural 
thromboses the cusps were incorporated in the 
oiganizing tissue oi their excursion was limited 
by thickening and adhesions The dilatation 
of the veins distal to areas of obstruction was 
associated with a relative incompetence of the 
valve The growth of the reparative tissue fre- 
quently added to the thickness and subsequent 
rigidity of the cusps 

ARTERIOVENOUS FISTULA 

Baiber and Madden reported on the spon- 
taneous closure of an arteriovenous fistula m a 
24 year old Negro who had been stabbed in the 
groin This development tends to support those 
who advocate a short period of conservative 
management prior to operation 

PERIARTERITIS NODOSA 

During the past year an increasing number 
of articles were published on this disease The 
majority are conceined with the etiology, favor- 
ing to a greater extent the theory that peri- 
arteritis nodosa is a definite vascular reaction to 
some allergic mechanism Case reports are not 
included in this review, only cases which con- 
tribute new information to the problems con- 
cerned with this disease are considered 

Rich reported on a series of 5 patients in 
whom vascular lesions characteristic of peri- 
arteritis nodosa followed hypersensitive reactions 

53 Edwards, E A , and Edwards, J E The Ve- 
nous Valves in Thromboangiitis Obliterans, Arch Path 
35 242 (Feb) 1943 

54 Barber, R F, and Madden, J L Spontaneous 
Closure of Arteriovenous Fistula, Arch Surg 47 364 
(Oct) 1943 

55 Rich, A R The Role of Hypersensitivity in 
Periarteritis Nodosa, Bull Johns Hopkins Hosp 71 
123 (Sept) 1942 


prior to death These leactions followed theia- 
peutic injections of foreign serum Four of these 
patients had leceived sulfonamide compounds, 
but in at least 2 the evidence indicated that the 
hypersensitive reaction was serum sickness and 
not diug sensitivity Similar changes were seen 
m a biopsy specimen of muscle from a patient 
who had a hypersensitive reaction following 
treatment with foreign seium and a sulfonamide 
compound and in the viscera of a patient who 
had received prophylactic treatment with sulfa- 
thiazole against aspiration pneumonia None 
of these patients had any symptoms suggestive 
of pel larteritis nodosa prioi to the terminal acute 
illness foi which the serum or sulfonamide com- 
pound was administeied The vascular lesions 
appeared to be fresh From these observations 
Rich concluded that the vascular lesions of this 
type could be a manifestation of an anaphylactic 
type of hypersensitivity Continuing his studies 
in the laboratory. Rich and Gregory estab- 
lished m rabbits a condition analogous to serum 
sickness in man and produced expei imentally 
typical diffuse periarteritis nodosa Acute diffuse 
glomerulonephritis was also noted m a number 
of animals which had a hypei sensitive reaction 
to the foreign serum The continued admin- 
istration of foreign serum or a sulfonamide 
compound after a hypersensitn e reaction had oc- 
curred or the injection of a single large amount 
of foreign serum increased the danger of pro- 
ducing the vascular damage by piolongmg the 
contact of the sensitized body with tlie offending 
antigen The authors suggested as a result of 
their obseivations that an attempt should be 
made to discover and eliminate any inciting 
antigen m cases of periarteritis nodosa which 
come under clinical observation 

Harkavy also presented evidence supporting 
the role of hypersensitivity m periarteritis 
nodosa This author has been following 16 cases 
of bronchial asthma since 1936, 8 of which have 
been previously lecorded 'The necropsy obser- 
vations on 4 of these patients were desciibed 
In 2 thd basic vascular lesion was similai to 
periarteritis nodosa All of the patients shoned 
evidence of a polyvalent sensitivity of bacteiial 
and nonbacterial origin The simultaneous pre- 
cipitation of both the asthma and the poly- 
morphous vascular leaction m these cases hy the 
same allergenic stimulation led Harkav}' to con- 
clude (1) that bronchial asthma is fundamentally 
an expression of hyperergic vascular response 
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which may be leveisible oi ineveisible and 
(2) that the accompan)ang lesultant pathologic 
:hanges in the vessels do not lepiesent disease 
nitities but lather aie qualitative and quantita- 
:ne degiees of hypeieigic and anergic i espouses 
He believed that these vasculai leactions should 
36 attributed to an allergic mechanism 

In contrast to the woik of the previous 
luthoi s, McCall and Pennock pi esented evi- 
dence m favor of the toxic origin of pei lai teritis 
nodosa They diew then conclusions from ante- 
moitem studies m 10 cases of this disease They 
were unable to con elate the pathologic changes 
with pieceding therapy with sulfonamide com- 
pounds Although all organs weie involved, 
impairment of the lenal functioning tissue was 
the most constant feature of this syndiome The 
authors expressed the belief that the aiteiial 
lesions pointed eithei to a disease of the blood 
vessels caused by a specific bacterial agent oi 
to a specific vasculai reaction to some unidenti- 
fied toxin or other harmful mechanism 

Boyd discussed the cerebral and ocular 
manifestations of periarteritis nodosa, citing 
many examples from the available literature 
In his opinion the ocular lesions aie not 
distinctive, since the retinal changes cannot be 
distinguished from hypertension, nephritic syn- 
dromes and chronic sepsis Gay non and 
Asbury °° came to the same conclusion m i e- 
porting a case of periarteritis nodosa m which 
failing vision due to a letmopathy typical of 
malignant hypertension was the first symptom 

Three mteiesting cases of polyaiteiitis nodosa 
were described by MacKeith All of the pa- 
tients presented a localized soft pitting of the 
skin of one or more limbs togethei with as 3 un- 
metric muscular weakness The diagnosis was 
made during life and confirmed by biopsy 

Guion and Adams'*^ leported the clinical, 
laboratory and autopsy obseivations m 6 cases 
of disseminated lupus erythematosus Of m- 
teiest 111 this review is the observation that 
although vascular lesions weie noted none re- 
sembled peiiaiteiitis nodosa 

58 McCall, M , and Pennock, J W Disseminated 
Necrotizing Vascularitis The Toxic Origin of Peri- 
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TEMPORAL ARTERITIS 

The View that temporal arteritis is a local 
manifestation of a geneiahzed arterial disease 
gained support by a recent case leport of 
Chasnoff and Vorzimer In then case the 
patient appeared to be improving fiom this dis- 
ease when she suddenly felt seveie pain in the 
head, vomited, lapsed in a stupoi and died The 
diagnosis, oiigmally made by biopsy, was con- 
firmed by autopsy Changes similar to those m 
the temporal ai tei les wei e found in other vessels 
A complete pathologic report was withheld 
pending a future publication 

The findings in the eyes in a previously re- 
poited case of temporal aiteiitis were submitted 
by Post and Sanders From their own ex- 
peiience and mfoimation obtained from the 
literature, they concluded that ocular lesions 
fiequently accompany tempoial aiteiitis These 
lesions consist mainly of an occlusion of the 
central retinal arteiy or othei large arteries and 
a localized aitenal lesion with hemoirhages oi 
exudates 

AINHUM 

Two additional cases of ainhum weie de- 
sciibed by Sheaiei and Ussery”® The latter 
authoi also presented an excellent review of the 
literatuie on this disease In his opinion it is 
a disease ivhich is almost exclusively found in 
dark-skinned laces, as it has been obseived 
among white peisons m only 4 cases Heredity 
does not play a lole m its production, and con- 
sequently it must not be confused with congenital 
amputation It consists m spontaneous amputa- 
tion of the little toe by an adventitious fibrous 
band The authoi stiessed the relationship of 
the disease to leprosy and to a lesser degiee to 
scleiodeima, syphihs, laivae and atavism 

GLOMUS TUMOR 

That a glomus tumoi may develop at any site 
was recently emphasized by Clowaid and Til- 
den They reported a case m which a tumor 
on the wrist followed local tiauma Love,®® m 
reporting a case of subungual glomus tumoi, 
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described a “pin test” which was of value m 
localizing the tumor After the patient’s con- 
fidence had been gained, the point of a steel pm 
was piessed into the skin to within 1 cc of the 
lesion without producing seveie pain, but just 
as soon as the point ivas pressed over the lesion 
excruciating pain developed 

VASOSPASTIC DISORDERS 

Immeiswn Foot — This condition was de- 
scribed 111 detail in a pievious review Of the 
recent articles, only those with additional infoi- 
mation ate included at this time An inleiestmg 
discussion on injuries due to immeision and 
vasomotoi disoideis m vartime was noted in the 
Proceed'ings of the Royal Society of Medicine 
Learmonth was the fiist participant and classi- 
fied the vasomotor disorders resulting from 
injury in patients with peripheral \asculai dis- 
ease and those lesulting from the local effects 
of cold Case histones weie described in each 
group Ungley and Gieene reiteiatecl the sub- 
ject of immeision foot Of interest was an 
abstract by Blackwood, who recorded histologic 
and experimental obseivations The human 
material which was studied consisted of one 
foot from a man who died half an hour befoie 
rescue and of tissues from extremities of sur- 
vivors amputated within two to tuenty-six 
months after lescue In the majoiity of cases 
peripheral sepsis was piesent The histologic 
appearance suggested that at the tune of immei- 
sion damage was done to all the stiuctures m 
the limb, of a degiee and to a level depen- 
dent on the length and severity of exposuie 
Damage to nerves and muscle was striking The 
nerves had the greatei propoition of then axis- 
cylinders and myelin sheaths destroyed Mus- 
cular damage appealed to be due to tiauma 
Hemorrhage fiom and thiombosis of ^elns and 
venules were noted All of these changes were 
patchy but became inoie marked peripheially 
Regeneration of the nerves was noted aftei 
rescue Blackwood’s original aiticle'^® was re- 
cently obtained and found to contain a more 
detailed description of the pathologic changes in 
this disordei His photogiaphs aie worthy of 
commendation 

Experimental studies of immersion foot weie 
also conducted by Blackwood and Russell 
They made a histologic study of the changes 

69 Discussion on Immersion Injuries and Vasomotoi 
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occuiung m the tail of the lat after periods of 
exposure to cold and wet The periods and 
conditions of exposure were comparable to those 
undei which the less severe forms of immersion 
foot developed in man This was accomplished 
b} allowing cold aitificial sea water to trickle 
slowly thiough the bottom of their cages The 
depth of w'ater nevei exceeded inch (1 3 cm ), 
and the animals were kept in a cold room The 
period of exposuie vaiied but seldom exceeded 
ninety-six hours On lelease, some of the 
animals w'eie allow^ed to recover slowdy, others 
were wanned up rapidly, and the lemaining 
gioup were immediately placed m a hot an 
mcubatoi at 37 C Conspicuous damage to the 
muscle and ner\ e tissue was found to be present 
aftei exjxisures of forty-eight hours This in- 
ci eased wuth longer exposures The skin and 
othei tissues, including blood vessels, appeared 
much more lesistant to chilling In some of the 
animals which had been killed two months aftei 
exposuie the nen^e and muscle tissue had not 
leturned to normal, and in others muscle degen- 
eration secondary to denenation was already 
piesent Treatment in the form of the two 
heating-up piocesses w^as found to accelerate the 
initial leaction, but it made no significant dif- 
feience m the histologic changes after one month 

It is now w^ell established that in the theiapy 
of immeision foot the extiemity must be kept 
m a cool environment Ungle> "" was able to 
accomplish this bj exposing the feet of 2 vic- 
tims to a cool loom temperatuie and having an 
electiic fan play on the soles of the feet The 
speed and distance of the fan weie adjusted 
to maintain cutaneous temperatuies of 23 to 
26 C (73 4 to 788 F) (Pooling to less than 
21 C (69 8F) gave use to discomfort 

Fiostbite — Gieene'® lecentl)' reviewed the 
expel imental w^ork on frostbite and leported his 
1 csults wuth the albino mouse This animal 
w'^as selected because of its conv^enient size and ^ 
the standaid length of its tail The mouse was 
placed in a tube with its tail in a separate com- 
partment which contained solid caibon dioxide 
at a temperature of — ■ 62 to — 67 C The degree 
of frostbite depended entiiely on the length of 
time of exposure Gieene selected one minute 
and then obseived the resultant damage foi 
man} days, lepoiting his obseivations at vaiious 
inteivals Eaily gangrene of the tip was noted 
at the end of the first day, it had become drj 
at the eighth day and was self amputating fioin 
this tune up to the eighteenth day Studies 
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^\ele performed on a smallei group of mice with 
a longer period of exposure The studies levealed 
;hat in the presence of necrosis the arteries were 
damaged, with a “silting up” of vessels with cells 
In that part of the tail destined to lecovei}' no 
constant change othei than an initial vasocon- 
striction followed by vasodilatation was ob- 
seived This part of the tail had oiigmall}^ been 
fiozen to solidification, as had the adjacent 
tissue, which became gangrenous In no case did 
he find signs of thrombosis in the tails sub- 
jected to di} cold The essential change was 
a loss of fluid fiom the blood vessels Occa- 
sionally, damage was so seveie that whole blood 
was lost Usually only plasma was lost, coi- 
puscles being left stianded within the Aessels, 
which in turn obstiucted the blood supply to 
distal tissues Theieafter gangiene developed, 
but only as a secondai)^ change 

That extreme cold is not necessaiy to jiroduce 
fiostbite was reemphasized by Hamilton He 
told of 8 seamen who weie emploj^ed on the 
foiecastle of a ship in noithern wateis one eaily 
spring afternoon and on the following morning 
leported with varying degiees of disability as a 
result of frostbitten fingers All became wet 
from an occasional spray coming ovei the fore- 
castle As the amount of disability paralleled 
the duration of exposure without gloves, the 
author concluded that the weaiing of gloves be 
strictly enforced at all times 

Raynaud’s Disease — ^The capillary blood pies- 
sure of 11 patients with Raynaud’s disease and 
scleroderma was studied by Eichna Deter- 
minations were made befoie and aftei sympa- 
thectomy Pressures were measured in the nail 
folds of the fingeis by the direct microinjection 
method Measurements were obtained during 
vasospastic circulatory arrest and also when the 
blood flow in the capillaries remained visibly 
unaltered from the normal During vasospastic 
circulatory arrest induced in the fingers by cold, 
the digital capillaiy blood pressure varied be- 
tween 70 and 12 5 mm of mercuiy (aveiage, 
9 7 mm of mercuiy) The digital capillary 
blood pressure rose slowly m i espouse to in- 
duced increases in venous piessuie but fell 
promptly when this piessure was suddenly 
lowered Cessation of blood flow thiough the 
capillaries was caused by closure of the proximal 
vessels The capillaries, venules and veins re- 
mained patent Aftei a peiiod of vasospastic 
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circulatoiy airest, erythiocytes in clumps or 
loose aggregations could be identified outside the 
central capillary blood stream on return of the 
digital circulation Eichna believed that this 
was due eithei to localized constriction of the 
capillary or to stickiness of the capillary endo- 
thelium In fingers with intact inneivation the 
average digital capillaiy blood piessure was as 
follows arteriolar limb, 18 5 mm of mercuiy, 
summit, 22 4 mm , and venous limb, 19 mm 
The giadient of fall of piessure in the capillary 
was small, usually less than 3 mm of mercury 
In fingers deprived of sympathetic innervation 
the aveiage digital capillary blood pressure was 
higher In the arteiiolai limb it was 27 8 mm 
of meicui}’’, at the summit, 25 2 mm , and in the 
venous limb, 21 6 mm The somewhat greater 
capillar))- piessuie in the aiterial limb suggests 
lelease of arteriolai tone The gradient of pres- 
suie in the capillaiy lemamed small (6 to 7 
mm of meicuiy) 

Mufson reported his obseivations in 6 cases 
of Rajmaud’s disease in which a psychosomatic 
disturbance was present He expressed the opinion 
that cooling of the skin was the trigger mecha- 
nism which lendered complete the partial occlu- 
sion of the minute vessels but that the pi ocess was 
sustained by personality and social-economic 
derangements For ti eating patients with this 
disease he lecommended a combination of mea- 
sures directed first to an impiovement in mental 
hygiene and alleviation of social-economic de- 
langements and secondly to an increase in col- 
lateral ciiculation Although this appears to be 
an ideal type of treatment, it is difficult to accom- 
plish Three of his patients improved undei 
this regimen, but the others continued to have 
cyclic vasospasm because they failed to adjust 
to then environment Although emotional dis- 
orders are known to aggravate Raynaud’s phe- 
nomena, it IS our opinion that the removal of any 
psychosomatic disorder is beneficial but not cura- 
tive for the majority of the patients 

Craig also studied the relationship of neuro- 
psychiatric disorders to this syndrome He 
measured the digital temperatures of a girl 
known to have a typical Raynaud syndrome 
during attacks of panic This was done under 
conti oiled conditions, and when the patient was 
asked questions intended to create anxiety and 
tension, a drop in surface temperature was re- 
corded On one occasion a fall of 9 9 degrees C 
(17 S degiees F ) was noted. 
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Sder ode} ‘Ilia — During the past few years con- 
siderable evidence has been presented to indi- 
cate that scleroderma is not necessarily confined 
to the skin but may involve other organs Weiss 
and his colleagues studied a number of cases 
of generalized scleroderma and reported the clin- 
ical histones of 9 cases with signs and symptoms 
of heart disease In 2 of these cases postmortem 
examinations were perfoimed Cardiac failure 
was not uncommon, and m the lattei 2 cases it 
was caused by myocardial scai i ing of an unusual 
type These pathologic observations, togethei 
with the clinical data, indicated that scleroderma 
heart disease should be consideied a definite 
entit) In addition to the caidiac findings, the 
roentgenograms showed involvement of the 
lungs Dysphagia was common, and esophageal 
stricture was noted 

McLaughlin reported a case of diffuse 
scleroderma following the routine inoculations 
of a recruit m the armed sei vices This was 
confirmed by biopsy and was of further mteiest 
because a family history revealed that the pa- 
tient’s father had a similar condition 

Scale}iiis Anhcus Syndiome — Two variations 
in this syndrome have recently been observed 
Brown reported his observations on a case of 
scalenus anticus syndrome secondary to a paral- 
ysis of the trapezius muscle It was his opinion 
that this paralysis had caused sufficient sag of 
the shoulder girdle to place the scalenus muscle 
on stretch, with resultant hypertrophy and 
spasm The author concluded that other mus- 
cular disordeis of the shoulder could obscure 
the diagnosis of this syndrome and consequently 
it should not be limited to a single diagnostic 
entity 

Three cases of a vascular disturbance m the 
upper limb due to compression of the subclavian 
artery and vein between the clavicle and the 
thoracic rib were described by Falconer and 
Weddell The patients had symptoms similar 
to the scalenus anticus syndrome In 1 case 
cervical iibs were demonstrated and the sub- 
clavian aiteiy was found to be compressed at 
two places, i e , between the scalenus anterior 
muscle and the apex of the cervical rib and 

78 Weiss, S , Stead, E A , Jr , Warren, J V , and 
Bailey, O T Scleroderma Heart Disease with a 
Consideration of Certain Other Visceral Manifestations 
of Scleroderma, Arch Int Med 71 749 (June) 1943 

79 McLaughlin, R R M Diffuse Scleroderma, 
U S Nav M Bull 42 921 (April) 1944 

80 Brown, M H Secondary Scalenus Anticus Syn- 
drome, U S Nav M Bull 42 1164 (May) 1944 

81 Falconer, M A , and Weddell, G Costoclavic- 
ular Compression of Subclavian Artery and Vein j Re- 
lation to Scalenus Anticus Syndrome, Lancet 2 539 
(Oct 30) 1943 


between the clavicle and the first rib In a fourth 
case, in which there were neurologic distur- 
bances only, the subclavian vessels were not 
compressed, and relief was obtained by section 
of a fibi ous band compressing the eighth cervical 
and fiist thoracic nerve roots without division 
of the scalenus anterior muscle 

The authors were able to demonstrate costo- 
clavicular compression by noting the effect of 
postural movements of the shoulder girdle on 
the arterial pulses of the arm Backward and 
downward bracing of the shoulders, with oi 
without extension of the head, usually obliterated 
the pulse Similar movement was also capable 
of obliterating the pulse in many normal persons, 
but 111 those reported on evidence of compres- 
sion was demonstrated at operation Symptoms 
weie noted in only those m whom compression 
was easily provoked The symptoms langed 
from cold, blue hands with a tendency to chil- 
blains to severe vasospastic attacks, arterial 
thromboses and even gangrene in the persons 
with more severe involvement The authors 
expressed the belief that persons with mild 
symptoms will benefit from exercises designed 
to increase the postural tone in the muscles of 
the shoulder girdle For the more severe types 
operation is required 

Causaigta — The nature of painful vasodilata- 
tion m causalgic states was recently discussed 
by de Takats ®- His conclusions were drawn 
from a group of 36 cases in which the phenomena 
of spreading neuralgia and chronic vasodilatation 
were exhibited This peculiar vasomotor dis- 
turbance has no accepted name, but in de Takats’ 
opinion it includes Vulpain’s etat physiopathtque, 
Weir Mitchell’s causalgia, Sudeck’s atrophy, 
Leriche’s post-traumatic painful osteoporosis, 
the peripheral trophoneurosis and the chronic 
traumatic edema Three stages of the syndrome 
were recognizable after the period of trauma 
In the first stage, severe and persistent burning 
pain, with paroxysmal exacerbations due to 
jarring, air currents or emotional upsets, was 
typical The pain was closely limited to the site 
of injury The extremity was warm and dry, 
and edema was noted Studies of the blood 
flow and oscillometnc curves indicated inci eased 
circulation to the injured parts The condition 
might subside or progress to the second stage 
The periarticular edema and pain began to 
spread, and the part was not as warm or as 
flushed as it was earlier It often became hard, 
cyanotic and cold to touch The blood flow 
was not as active as in the first stage, but there was 
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a gi eater tendency to vasodilatation than in the 
uninjmecl limb The pain had the chaiacter of 
a spreading neuralgia or hypei algesia, which 
often defied segmental distribution In the last 
stage the atiophy progiessed, involving skin, 
muscles and bone, with ankylosis Atiophy of 
the bone became diffuse and indistinguishable 
from osteopoiosis of othei oiigiii The pain was 
inti actable It sometimes spiead to the loot of 
a limb or even to the tiunk In this stage sec- 
tion of posteiior roots or choidotomy has not 
been leported to give lelief Ablation of the 
sensoiy coitex has been suggested 

The authoi discussed the phenomena of vaso- 
dilatation m the extiemities and leviewed the 
existing evidence foi the piesence of efferent 
fibeis of the posteiior lOots He suggested that 
cholinergic vasodilatoi fibers are activated in this 
condition and that the resulting capillary hypei - 
tension is sufficient to account for the pain 
Treatment in the eaily stages consists of immo- 
bilization and daily injections of 1 per cent solu- 
tion of piocame hydrochloride into the injured 
aieas With a spread of the neuralgia, paia- 
vertebral injections are necessary, and for the 
moie severe syndromes a sympathetic ganglion- 
ectomy was lecommended The late stage will 
not yield to such peripheral interruptions and 
requiies intervention by psychiatric, and possibly 
b} surgical, methods 

VENOUS DISORDERS 

Mayeison and his colleagues measured 

venous pressures in 50 unselected patients and 
found the height of the piessure to be the same 
in the normal and in varicosed saphenous veins 
These measuiements were taken with the sub- 
jects m the standing position, and in both types 
of veins the pressures were only slightly highei 
than the hydiostatic piessuie In the recumbent 
position, the antecubital and saphenous pi essures 
of patients with vaiicose veins were found to be 
significantly higher than noimal This was 
believed to be due to an inci ease in blood volume 
which enabled the subject to compensate foi the 
effects of gravity while standing but led to over- 
compensation when the recumbent position was 
assumed 

A new apparatus foi the direct measurement 
of piessure in laige and in small veins was 
described by Buich and Winsor®^ It is called 
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the phlebomanometei , and from its description 
it appears to be compact and easy to handle. 
No comment was made concerning its accuracv 
Buich and Winsoi also repotted their obser- 
vations on the physiologic effect of ligation of 
the inferioi vena cava m 5 patients This vessel 
had been ligated below the level of the renal 
veins for reasons not disclosed The venous 
pressure was maikedly increased m the veins of 
the dorsum of the foot for at least ten months 
postoperatively Edema developed immediately 
after the operation, and in only 1 patient did it 
subside within the ten month period The late 
of loss of water from the skin of the tip of the 
right second toe and of the pretibial area was 
normal at the eighth postoperative day, but no 
measurements had been taken prior to this time 
for comparison The peripheral pulse volumes 
weie decreased The authoi s concluded that a 
satisfactoiy compensation of the circulation fol- 
lowed this procedure 

Bates repoi ted a case of thrombophlebitis 
migians which developed on the twenty-fifth day 
of scarlet fever The veins of both legs, includ- 
ing the right external iliac vein, were imolved, 
and improvement followed the use of anti- 
scarlatinal serum 

An interesting case of phlebitis with migratory 
and disseminate lesions was described by Flood 
and his colleagues ®’^ Gangrene of the mammary 
gland developed as a unique complication 
Striking improvement followed the use of 
dicoumarin (3, 3' methylenebis- [4-hydroxycou- 
maiin]) In an “addendum” to the paper, one 
of the authors mentioned a case of recurrent 
thiombophlebitis involving a lower extremity in 
which gangrene of the intestine occuried follow- 
ing a mesenteric thrombophlebitis 

The postmortem obseivations m a case of 
thiombophlebitis migrans was recently reported 
by Swirsky and Cassano ®® No information was 
obtained on the cause of the disease The pa- 
tient received adequate heparinization, which 
afforded dramatic and rapid symptomatic relief 
but failed to pi event fuither recurrences and 
thromboses 


85 Burch G E, and Winsor, T Physiologic 
Studies on Five Patients Following Ligation of Inferior 
Vena Cava, Proc Soc Exper Biol & Med 53 '135 
(June) 1943 

86 Bates, J V Postscarlatmal Thrombophlebitis 
Migrans, Bnt M J 1 665 (May 29) 1943 

87 Flood, E P , Redish, M H , Bociek, S J , and 
Shapiro, S Thrombophlebitis Migrans Disseminata 
New York State J Med 43 1121 (June IS) 1943 

88 Swirsky, M Y, and Cassano,. C Thrombo- 
phlebitis Migrans, J Lab & Clin Med 28 1812, 1943 
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Rheumatic thrombophlebitis of the left mteinal 
jugular vein was discussed by Russek and 
Abbott This condition was considered a com- 
plication m a patient with inactive iheumatic 
heart disease Aftei finding fibrosing Aschofl: 
nodules in the wall of the vessels, the authois 
concluded that the active iheumatic infection 
peisisted in the ^em long aftei the active infec- 
tion in the heait had subsided 

In 4 of 40 patients with essential hypei tension 
being treated with potassium thiocyanate, Koffler 
and Freiieich obseived a complicating throm- 
bophlebitis Few supportive data were pie- 
sented, but the authors said that the fiequency 
of this complication seemed to be greatei than 
could be explained on pure coincidence and that 
they therefore accepted the di ug as the offending 
agent 

TRE\TMENT 

Nothing new has been added dining the past 
year to the treatment of peripheral vascular dis- 
eases An excellent leview of physical medicine 
in 1 elation to vasculai diseases was recently 
submitted bj Allen and Kvale This includes 
practically all of the accepted physical agents 
now used by ph) sicians m this field The value 
of this article is greatly enhanced by the frequent 
comments concerning the personal experiences 
of the authois 

Waishawslcy and Dempsey®® evaluated the 
theiapeutic response to the three mechanical de- 
vices commonly used in treatment of peripheial 
vascular diseases These included suction and 
pressure, intermittent venous occlusion and the 
oscillating bed They found the intermittent 
venous occlusion machine to be the most valu- 
able Unfortunately, their results weie colored 
by the selection of patients and the fiequent use 
of all three methods High peicentages of im- 
provement were noted with all methods, the least 
being with the oscillating bed The authois 
believed m using all of the methods in a daily 
loutine The patients were treated from 7am 
to 10 p m with short lest periods and time for 
eating Their schedule included postuial exei- 
cises, massage with hydious wool fat or olive 
oil, whirlpool baths, suction and pressure, sitz 
baths and inteimittent occlusion Using the 

89 Russek, H I , and Abbott, G A Rheumatic 
Thrombophlebitis, Am Heart J 2G 542 (Oct) 1943 

90 KofHer, A , and Freireich, A W Thrombo- 
phlebitis, Am J M Sc 207 374 (March) 1944 

91 Allen, E V , and Kvale, W F Physical Medi- 
cine m Vascular Diseases, !M Chn North America 
27 951 (July) 1943 

92 Warshawsky, H , and Dempsey, M W Physi- 
cal Therapy of Peripheral Vascular Disease, Arch 
Ph>s Therapy 24 487 (Aug) 1943 


combined three methods, they obtained improve- 
ment in 82 8 per cent of patients with arteiio- 
sclerosis obhteians, 88 9 per cent of patients with 
artel loscleiosis obhteians and diabetes, 75 9 pei 
cent of patients with thromboangiitis obliterans 
100 per cent of patients with fiostbite and 66 7 
pel cent of persons with residuals of arterial 
embolism , also in 1 patient with syphilitic endar- 
teritis, 1 with popliteal aneuiysm and 2 with 
arterial thrombosis secondary to polycythemia 
leia (the only patients with these diseases in 
the series) No mention i\as made of the degiee 
of improvement We do not subscribe to phy- 
sical theiapy in the massne amounts admin- 
istered, but combinations of a few agents aie 
piobably justifiable 

Gambill and Kamenshme described a simple 
appaiatus for administering Biieiger’s exercises 
Unfortunately, the method was not described too 
clearl)’^ Weights and pulleys helped to elevate 
and lowei the extremities with minimum effort 
by the patient 

Strong and Wallace administered testos- 
terone propionate to patients suffering from 
angina pectoiis and peiipheral vascular disease 
The results in angina appeared more promising 
than those m peripheial vasculai disease Of 
the 4 patients with the latter disease, 1 reported 
fairly marked improvement , 2, one of whom was 
also receiving pavex treatment, said there vas 
slight improvement, and the fourth did not 
recognize any improvement Although this 
senes was too small to be of theiajjeutic signifi- 
cance, its cases can be added to those already 
published on this questionable method of treat- 
ment 

Lakey desciibed a simple apparatus to pio- 
duce inteimittent negatne pressure in one or 
both legs An ordinary vacuum cleaner was 
attached to a box to which a clockwork contact 
breaker had been added to bieak the circuit 
every five seconds The author was able to 
produce a negative pressuie in the box sufficient 
to raise a column of water 34 cm He reported 
his results in 3 cases Insufficient data cast 
doubt on the efficacy of this machine, and at best 
it can be considered only a simple rendition of 
the more refined pavex boot 

93 Gambill, I M , and Kamenshme, A Apparatus 
for Buerger’s Exercises, Af Bull Vet Admin 20 173 
(Oct) 1943 

94 Strong, G F, and Wallace, A W Treatment 
of Angina Pectoris and Peripheral Vascular Disease 
with Sex Hormones, Canad Af A J 50 30 (Jan ) 
1944 

95 Lakey, E O Pulsator Vacuum Box for Treat- jf 
ment oi Peripheral Vascular Disease, Lancet 2 767 
(Dec 18) 1943 
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Book Reviews 


Health and Hygiene A Comprehensive Study of 
Disease Prevention and Health Promotion By 
Lloj’'d Ackerman Price, $5 00 Pp 895 Lancastei , 
Pa , The Jacques Cattell Press, 1943 

This book IS one of the best for the layman The 
authoi, urged on by the belief that no field of study and 
instruction has greater potentialities for promotion of 
the welfaie of the individual and society than hygiene 
has, has emphasized those aspects which concern the 
a\eiage normal person and which he can to some extent 
influence Ackerman feels that instruction m hygiene 
m college is best given during the last two years of 
the regular course or during the first years of pio- 
fessional education, when the student is best prepared 
to realize its greatest benefits The text is theiefore 
meant for a more mature readei than most such works 

The book staits with a discussion of the hygienic 
concept and reveals the nature, magnitude and objectives 
of hygiene This section is followed by a survey of the 
mortality and morbidity experience of the United States 
in recent years and a discussion of the prevalence of 
physical defects and mental disorders These dis- 
cussions are well developed and should be easily under- 
stood by an adult layman The evolution of concepts 
of health is developed from the historical standpoint, 
leading to tlie modern experimental approach and 
methods of evaluation The reader is then introduced to 
parasitism and hypersensitiveness, hygiene of the mouth, 
nutrition, emotions and the intellect, mating and finally 
exogenous poisons, physical agents and their relations 
to disease It is noteworthy that of the 863 pages of 
text 167 are given to hygiene of the emotions and the 
intellect and 95 to the hygiene of mating 

The subject is covered in a comprehensive, readable 
fashion which gives the reader a good grasp of the en- 
tire subject 

A Visit to Le Puy-en-Velay By Harvey Cushing, 
M D Price, $8 00 Pp xiv J- 40, with 31 illus- 
trations Cleveland The Rowdant Club, 1944 

This recent publication of the Rowfant Club presents 
a side of Dr Cushing which all who knew him will 
appreciate The volume is a small one, beautifully 
printed, made from a diary that he kept in 1900, when 
he was 31 years old and when he traveled abroad by 
way of a vacation after he had completed his surgical 
residency at the Johns Hopkins Hospital 

The diary makes pleasant reading Even more attrac- 
tne are the illustrations — mainly sketches with a few 
water colors — which he drew or painted, perhaps to 
make his diary moie vivid or perhaps for his owm 
entertainment 

Too often, the inconsequential — many times the most 
charming — characteristics of leaders are lost because 
they are expressed so inadequately m biographies This 
bit of Cushing, composed by himself, gives an intimate 


glimpse of his companionableness, his artistiy, his aleit- 
ness in observation, his humor and his ability to express 
himself originally in any medium at hand The Rowfant 
Club deserves hearty congratulations for making this 
unique contribution to medical history 

American Medical Practice in the Perspectives of 
a Century By Bernhard J Stern Price, $1 50 
Pp 156 New York The Commonwealth Fund, 
1945 

The New York Academy of Medicine and the Com- 
monw’ealth Fund, either alone or m combination, are 
likely to do things W'ell This book is w'orthy of both 
sponsors 

The monograph is well written and gives an amiable 
account of recent medical history as it has influenced or 
has been influenced by economic changes, mdustiy, 
education, urbanization and American life in general 
The conclusion is sound The chief problem of medical 
practice that agitates the public today is providing for 
every one a high quality of curative and preventive 
medical service 

The author, a doctor of philosophy and sociologist 
says that the future prestige of the medical profession 
and the future contribution of medicine to scientific and 
social progress are closely related to the solution of 
this problem He does not give the answer 

Medical Uses of Soap Edited by Dr Morris Fish- 
bem Price, $3 00 Pp 182, with 41 illustrations 
Philadelphia J B Lippmcott Company, 1945 

The statement on the jacket of this book, “Many 
scattered articles have appeared on specific medical 
uses of soap, but never before has a reference written 
by leading authorities so adequately covered this field,” 
summarizes the contents and purpose Chemistry, proc- 
ess of manufacture, effects on skin and hair, soaps 
suitable for industrial workers, soaps for shaving and 
the medical uses of soap are all discussed by experts 
The book should be valuable to dermatologists, indus- 
trial physicians and others 

An Outline of Tropical Medicine By Otto Saphii 
Pp 86 Chicago The Michael Reese Research 
Foundation, 1944 

Several books of varying size and importance have 
been published recently, all dealing with tropical medi- 
cine The author of this one terms it neither a text- 
book nor a handbook but rather an extended vocabular\ 
of the language wuth which those w'ho practice medicine 
in the tropics must be familiar 

He writes clearly and has managed to compress a 
large stock of information within a few pages The 
book fits into one’s pocket nicely It will be useful to 
many readers It deserves a cordial leception 
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El sindrome de Morgagni Bj Carlos A Campos 

Pp ISO, with 12 illustrations Buenos Aires, Argen- 
tina Iglesias y Matera, 1943 

Dr Campos presents a complete discussion of Mor- 
gagni’s syndrome m this uork The syndrome is de- 
scribed as occurring most frequently in women between 
the third and sixth decades of life Cardinal symptoms 
are a symmetric hyperostosis of the internal table of 
tlie frontal bone with a varying neurologic or neuro- 
psvchiatric picture Concomitant obesity is present 
in about one half of the cases 

The history of the syndrome is reviewed, and a report 
on 12 cases is included All of the patients described 
were women betw^een 30 and 80 years of age, the ma- 
jority were in the menopause Eight had arterial 
b} pertensson, and 11 had obesity of the rhti'omehc type 
All had endocranial hyperostosis, localized in the ascend- 
ing or \ertical part of the frontal bone This symptom. 
Dr Campos believes, is fundamental and must be pres- 
ent for diagnosis He classifies hvperoslosis into (1) 
internal frontal hyperostosis, the most common and 
characteristic type, (2) nebula fiontalis, (3) diffuse 
Inperostosis of the calvaria, and (4) frontoparietal 
by perostosis 

\ complete clinical study of the syndrome is presented, 
and Dr Campos believes future studies and theories 
must keep tlie following points in mind (1) Morgagni’s 
sindrome is characterized by a familial tendency, (2) 
it is almost completely limited to women, the ratio of 
women to men being 22 to 1 , (3) there is pleomorphism 
betw'een this syndrome and constitutional obesity, (4) 
the syndrome is vinculated to acromegaly and other 
pictures of anterior hypophvsial hyperfunction, (5) it 
indicates disposition to nervous and mental diseases 
Dr Campos encourages physicians to consider Mor- 
gagni’s syndrome a “hercdopathologic syndrome” 

The book fulfils its purpose, the presentation of Mor- 
gagni’s syndrome Because of the rarity of the disorder, 
the w'ork is of limited value to the average internist, 
but It may' be of considerable service to those who 
have a special interest in this type of disease 


Atlas of the Blood in Children By Kenneth D 
Blackfan and Louis K Diamond Price, §1200 
Pp 320, with 70 plates New’ York The Common- 
w-ealth Fund, 1944 

By tiadition the word atlas signifies d book of maps 
This particular one is an excellent book of maps re- 
vealing how that territory which includes diseases of 
the blood in children can best be explored 

The contents are arranged ingeniously About half is 
devoted to a short monograph describing how blood 
cells originate, how' they look and what happens to 
them when they become abnormal, and about half is 
comprised of excellent colored illustrations The text 
is not entirely orthodox, for the authors are teachers 
and have enlivened their style by using words which 
are known to be popular with students The various 
kinds of blood dyscrasias not only are described read- 
ably’ but arc illustrated with good diagrams and case 
records 

The colored plates arc works of fine artistry Each 
plate has an accompanying diagram, so that any reader 
can easily find on the plate exactly what he is intended 
to sec There are enough plates to illustrate almost 
every tvpe of blood smear 

Diseases of the blood in children are so comparable 
to diseases of the blood in adults as to make the volume 
useful to any’ clinician The book deserves high praise 
Students, practicing physicians and clinical laboratory 
workers will wish to have it at hand A copy of it 
should be found in every hospital and medical school 
library 

Textbook of Medical Treatment By various 
authors Price, §800 Pp 1218, with 26 figures 
and 4 tables Baltimore Williams & Wilkins 
Company, 1944 

This book is an excellent conservative statement of 
modern treatment in internal medicine It is interesting 
to compare British and American practice and to find 
almost complete correspondence, certainly as to funda- 
mentals Two minor criticisms may be made First, 
some prescriptions are giv’cn in metric units and others 
in apothecaries’ units, second, some space is perhaps 
used to little advantage in brief discussions of treatment 
of rare or relatively unimportant conditions 


News and Comment 


Hermann M Biggs Memorial Lecture —The 
Hermann M Biggs Memorial Lecture will be deliv- 
ered by F C Bishopp, Ph D , assistant chief in charge 
of research. Bureau of Entomology and Plant Quaran- 
tine, United States Department of Agriculture, in 
Hosack Hall, New York Academy of Medicine, on 
Thursday, April 5, at 8 30 p m The subject will 
be “The MeiBcal and Public Health Importance of the 
Insecticide DDT” The lecture will be given under 
the auspices of the Committee on Public Health Rela- 
tions and will be open to the public 


New York Institute of Chmcal Oral Pathology 
—The New York Institute of Clinical Oral Pathology 
will hold Its one hundredth monthly conference at the 
New York Academy of Medicine on Monday evening, 
April 30 The subject of the meeting will be “A Sur- 
vey of the Antibiotic Problem ” This will be discussed 
by members of the medical and dental professions both 
from the theoretic and from the clinical standpoint 
Members of the medical, dental, public health and other 
professional groups are cordially invited For further 
information communications should be addressed to the 
executive secretary, 101 East Seventy-Ninth Street, 
New York 21 
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SPOROTRICHOSIS IN NEW YORK STATE 

REPORT OF TWO NEW CASES AND TABULATED DISCUSSION OF 
TWENTY SIX PREVIOUS ONES 
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NEW YORK 


The sparsity of published clinical repoits of 
sporotiichosis in the state of New York sug- 
gests its relatively low incidence On the other 
hand, the wide distiibution of the Sporotiichum 
schenckii fungus in nature and the infrequency 
with whicli one encounters case leports on the 
more abortive or at 3 ^pical varieties of sporotii- 
chosis suggest that many infections with this 
fungus may be overlooked 

Sporotrichosis was first recognized by Luik ^ 
111 1809 Not until 1889 was it caiefully de- 
sciibed, by Schenck- We have found only 
26 instances of proved or presumptive sporo- 
tiichosis recorded as seen in the state of New 
York during the past four decades (table) 

In addition to the previously published 26 clin- 
ical reports of proved or presumptive sporotri- 
chosis, observations on 2 recent proved instances 
of this disease acquired within the metropolitan 
area of the city of New York are lecorded in 
the table 

REPORT OF CASES 

Case 1 — B M , an apparently healthy 14 year old 
white boy, had a superficial ulcer near the base of Ins 
left middle finger during the third week of December 
1943 Two weeks prior to this time he had worked for 

* In absentia from the Alton Ochsner Clime, New 
Orleans 

From the Skin and Cancer Unit, New York Post- 
Graduate Medical School and Hospital of Columbia 
University 

The opinions or assertions contained herein are the 
private ones of the authors and are not to be construed 
as official or reflecting the views of the War Department 
or the Navv Department or the Army or Navy at large 

1 Jacobson, H P Fungus Diseases, Springfield, 
III , Charles C Thomas, Publisher, 1932, p 121 

2 Schenck, B R On Refractory Subcutaneous 
Abscesses Covered by a Fungus Possibly Related to the 
Sporotnchia, Bull Johns Hopkins Hosp 9 286-290, 
1898 


a florist in New York Shortly after the ulcer appeared 
on the left hand a similar one occurred adjacent to 
the wrist on the medial aspect of the right hypothenar 
eminence Within three weeks subcutaneous nodules in 
linear distribution became noticeable on his forearm 
Within siv weeks additional nodules appeared, and the 
condition gradually extended upward toward the right 
axilla 

Medication during this six week period was limited 
to magnesium sulfate compresses, local application of 
heat and application of sulfathiazole salve and powder 
to the open ulcers 

The history was nonpertinent except for annual 
attacks of a cutaneous eruption, wffiich occurred chiefly 
during the summers between the ninth and the twelfth 
year of age The description and histoiy of this cuta- 
neous eruption suggested either a mild form of epider- 
molysis bullosa or erythema multiforme 
With the exception of diabetes in the father there 
was no history of familial diseases 

Physical EvavmiaUon — The patient wa^ seen by us 
during the sixth week of his present illness At that 
time he was in excellent physical condition except for 
the cutaneous lesions on the upper extremities Two 
indolent ulcers, one on each hand, and subcutaneous 
nodules on the right arm were seen on first inspection 
The ulcer which first appeared was located on the dor- 
sum of the left middle finger (fig 1 A) and the other 
near the base of the left hypothenar eminence (fig 1 B) 
Both ulcers were situated on a broader erythematous 
base They were superficial, irregular in outline and 
covered with an adherent, gummatous crust Although 
the history indicated that the lesion which first appeared 
was on the left hand, at the time of the first exami- 
nation no extension of the process was noted on this 
extremity However, on the, right arm evidence of a 
progressive extension of the disease toward the shoulder 
was immediately apparent Approximately fifteen sub- 
cutaneous nodules could be counted, extending in a more 
or less straight or slightly serpentine line up the lower 
third of the ulnar aspect of the forearm and then across 
the volar surface and up the anterior region of the 
upper part of the arm to within 6 cm of the junction 
of the axillary fold wuth the arm These nodules were 
only slightly tender and became progressively smaller 
as they approached the shoulder The nodules on the 
forearm, about the size of grapes, Avere fluctuant, and 
the overlying skin w'as shglitlj erythematous and ad- 
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herent The nodules nearer to the upper part of the arm 
were pea sized, freely movable beneath the skm and 
over the underlying tissues, somewhat elastic and cov- 
ered with apparently normal skin 
There was no detectable axillary or cubital adenop- 
athy except for a grape-sized, nontender, firm and 
freely movable lymph node in the right axilla 
Laboratory Data — Under sterile precautions grayish 
tenacious material was aspirated from a fluctuant nodule 
on the right forearm This material was used for 
microscopic and cultural examination 
Cultures were reported as showing the presence of 
S schenkii by Dr Royal Montgomery of the Skm and 
Cancer Unit of the New York Post-Graduate Medical 
School and Hospital The examination of smears from 
the pus and the bases of the ulcers gave negative 
results Repeated hematologic examinations and uri- 
nalyses throughout the course of the illness gave results 
which were within normal limits 


relief could be noted, but two additional small nodules 
were discovered on the dorsum of the left hand After 
this phase rapid healing of the ulcers and involution 
of the subcutaneous nodules were observed By the 
sixteenth week of the disease the dose of potassium 
iodide solution was decreased to 60 drops daily Now 
onl> depressed, livid, pigmented scars marked the sites 
of former ulcers (fig 2 A and B) The right axillary 
lymph node had decreased about a third in size All 
treatment was discontinued in the nineteenth week of 
the illness At this time an intracutaneous test with 
sporotricliin gave strongly positive results for the boy 
and negative results for the mother (fig 3) The sporo- 
trichin was prepared from a subculture obtained from 
the initial diagnostic culture taken from the patient ^ 
Case 2 — This case will be outlined only briefly 
here, as it is being reported elsewhere in detail by 
Dr D M Gordon, of the department of ophthal- 
mology of Cornell Medical College 
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Fig 1 —A, sporotnchotic chancre on the left middle finger (six weeks after the onset and before the start 
of treatment) B, sporotnchotic nodular lesions on the right forearm (six ueeks after the onset and before the 
start of treatment) 


Treatment and Com se —Treatment was started imme- 
diately, with an initial daily dose of 30 drops of satu- 
rated solution of potassium iodide given by mouth and 
a simple zinc oxide lotion applied locally to the ulcer- 
ated areas Within forty-eight hours after the iodide 
medication a distinct flare-up of the lesions, with the 
appearance of several new nodes, ivas apparent These 
happenings were interpreted as a Jarisch-Herxheimer 
reaction, and medication was continued After sub- 
sidence of this first reaction the dose of potassium 
iodide solution was rapidly increased, and within a 
week the patient was receiving 120 drops a day 
This medication was adhered to for ten weeks m spite 
of transient coryza, herpes on the right side of the 
upper lip and a slight recrudescence of mild acne 
During the first four Aveeks of this treatment (the 
seventh to the tenth of the disease) slight symptomatic 


Mrs M H , a 47 year old housewife, was first seen 
in consultation with Dr Gordon in May 1944 There 
w'eie a bluish red swelling on the left upper eyelid 
and a pea-srzed central crust over a small-bean-sized, 
fluctuant bulla The cutaneous lesions had then been 
present about six days A palpable and visible node 
the size of a small bean was noticed near the external 
canthus of the left eye and a similar node on the skin 
of the cheek between the ear and the external canthus, 
over the malar eminence The skm over these nodes 
was not freely movable and showed a slightly bluish 
erythema 

The history was pertinent only in that the patient 
was frequently occupied in gardening About two Aveeks 

3 Dr Donald S Martin, of the department of medi- 
cine, Duke University, prepared this sporotricliin for us 
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before the onset of the lesion of the eyelid she had 
been cleaning lice from poinsettia plants and recalls 
wiping her eyelid with her hand 
A presumptive diagnosis of sporotrichosis was enter- 
tained This diagnosis was then confirmed by (1) posi- 
tive culture of S schenckii from pus aspirated from 
the largest fluctuant lesion^, (2) positive cutaneous 
reaction to intracutaneous injection of sporotrichin de- 
rived from the patient in case 1 , (3) favorable response 
to administration of potassium iodide by mouth 

COMMENT AND CONCLUSIONS 

Foi pm poses of analysis, the 28 cases of clin- 
ically diagnosed sporotrichosis (see table) le- 


ported as occurring in the state of New York 
during the last forty-odd years were classified 
according to clinical types This classification 
was not infrequentl}^ based on exceedingly cur- 
soiy clinical information In four fifths of the 
cases the disease appeared to be of the localized 
lymphangitic type In the remaining cases the 
cutaneous disseminated forms and systemic types 
were present 

In the confiimation of the clinical diagnosis 
some form of bactenologic oi mycologic pro- 



Fig 2 — A, healed sporotrichotic chancre (same as that shown m figure 1 A) on the left middle finger (six 
weeks after the onset and ten weeks after the start of treatment) B, pigmented areas at the sites of healed 
sporotrichotic nodular lesions (same as those shown in figure 1 B) on the right forearm (sixteen weeks after the 
onset and ten weeks after the start of treatment) Note the remnants of sporotrichotic chancre on the wrist. 



Fig 3 — Intracutaneous test with 0 1 cc of sporo- 
trichin reaction positive on the patient’s arm (right) 
and negative on the arm of the patient’s mother (left), 
who served as a “normal” control 


4 Dr George M Lewis and Miss Mary Hopper, 
of the department of dermatology of Cornell Univer- 
sity Medical College, prepared and reported on these 
cultures 


cedure was recorded as attempted in 19 of the 
cases Cultures were performed in 16 of these 
and were reported as giving positive results 
in 12 

Biopsies weie recorded as performed in 10 of 
the cases In the tissue examined fungous ele- 
ments were seen on 2 occasions Intracutaneous 
tests with sporotiichin were performed twice and 
a scratch test once The scratch test gave nega- 
tive results Serologic tests for syphilis were 
lecorded 8 times, tests for tuberculosis 3 times 
and examinations for tularemia and undulant 
fever once each 

A majority of the diagnoses were apparently 
based on linearlj distributed, relatively asymp- 
tomatic pea-sized to grape-sized subcutaneous 
nodules on an upper extremity The initial 
lesions were indolent, superficial ulcers, and the 
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HEPATOLENTICULAR DEGENERATION 

REPORT OF TWO CASES WITH PREDOMINANTLY HEPATOGENIC SYMPTOMS, ONE ASSOCIATED 

WITH THE CRUVEILHIER -BAUM GARTEN SYNDROME 

ERIC E WOLLAEGER, MD 

AND 

HARLEY C SHANDS, MD 
Fellow in Medicine, Ma 3 ’-o Foundation 

ROCHESTER, MINN 


Wilson^ m 1912, m an article entitled “Pio- 
gressive Lenticulai Degeneration A Familial 
Nervous Disease Associated with Ciirhosis of 
the Liver,” first clearly defined the condition 
now most widely known as hepatolenticular 
degeneration His accurate desciiption included 
and amplified the poorly characterized so-called 
pseudosclerosis, described by W estphal - and by 
Sti uinpell - in the closing yeai s of the last cen- 
tur)^ Since the publication of Wilson’s article, 
considerably more than 100 cases of this disease 
have been reported in the literature 

The essential features of the syndrome are 
cinhosis of the liver and a bilateial softening and 
degeneration of the lenticular nuclei Although 
not hereditary m the sense of being passed from 
one geneiation to the next, the disease has a 
pionounced familial tendency and frequently 
affects several childien in the same family As 
many as five of seven siblings have been known 
to have the disease It is a disease of eaily life 
and usually occuis in the second or third decade 
Its couise vanes within the wide limits of a 
few \3eeks to seveial decades, the aveiage dura- 
tion has been estimated to be about four )^eais® 
The chief complaint is commonly a motor 
difficulty of some sort, and the clinical picture 
IS that of disease of the exti apyramidal motoi 
system The manifestations vary widely and 
ma}’’ include iigidity, dysarthiia, tiemois, in- 
voluntary movements and masking^f the facies 
In most cases of Wilson’s disease theie aie no 
signs of involvement of the pyramidal tiact, but, 
if the lesion in the lenticulai nucleus becomes 
extensive enough to extend into the internal 
capsule, these signs may appeal Distui bailees 
of sensation do not occui 

From the Division of Medicine, lilayo Clinic 

1 Wilson, S A K Progressive Lenticular De- 
generation A Familial Neivous Disease Associated 
with Cirrhosis of the Liver, Brain 34 295-509 (March) 
1912 

2 Cited by Wilson ^ 

3 Wilson, S A K Neurology, Baltimore, Wil- 
liams Wilkins Company, 1940, Aol 2, pp 806-831 


It IS geneially true that, although the mani- 
festations due to involvement of the central nei- 
vous S 3 ^stem may be very severe, there is little 
oi no evidence of hepatic disease Wilson “ 
lemarked that “this neaily absolute lestiiction of 
the clinical phenomena to those of the neivous 
and mental class is one of the featuies ot the dis- 
ease ” Sweet, Gi ay and Allen ^ have show n that 
reactions to most tests of hepatic function are noi- 
mal in cases of hepatolenticular degeneiation and 
that it IS only with the most delicate tests of 
this soit that any change can be denionstiated 
Walsh, “ in lepoiting 2 cases in which the pa- 
tients weie childien, expressed the view that the 
disease of the liver is in a period of latency and 
that, with adequate information about the past 
histoiy, evidence of a transient hepatic distui- 
bance can be discoveied 

Hepatolenticular degeneiation belongs to the 
small and select group of diseases which possess 
a pathognomonic sign This sign is the pig- 
mented ring occui ling at the peiiphery of the 
coinea fiist noted by Kaysei - and latei b} 
Fleischei “ and usually designated by the names 
of both of these men The pigment is greenish 
or biownish and is found im Descemet’s inem- 
biane Its chemical stiuctuie is still unknown, 
although spectioscopic studies suggest that it is 
closely 1 elated to urobilin The ring is fi e- 
quently visible to the naked eye, but at tunes it is 
necessaiy to look foi it with the slit lamp Al- 
though It may be absent in many cases of the 
disease, the ring alone is geneially felt to be 
adequate evidence on nhich to establish the 
diagnosis 

Little 01 nothing is knonii about the etiologic 
factois and the pathogenesis of the syndiome 

4 S\\ cet, W H , GraN , S J , and Allen, J G 
Clinical Detection of Hepatic Disease in Hepatolentic- 
ular Degeneration Report of Nine Cases, JAMA 
117 1613-1619 (Nor 8) 1941 

5 Walsh, if N Hepatolenticular Degeneration, 
Proc Staff }>reet, Mayo Clin 11 757-762 (Nov 25) 
1936 

6 Cusick, P L, in discussion on M'alsh,^ nn 76^- 
763 
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REPORT or CASES 

We wish to report 2 cases of Wilson’s disease 
with certain featuies of interest 

Case 1 — An unmarried farmer aged 26 years, came 
to the Mayo Clinic on Nov 22, 1943, because of 
swelling of the legs and abdomen The swelling had 
begun in the ankles in May 1943 and in the following 
months had involved successively higher portions of the 
legs until abdominal swelling had commenced in Oct- 
ober There had been no pain, dyspnea had not been 
present until the abdominal swelling was far advanced 
Other symptoms included only malaise and increased 
fatigability 

Review of the history by systems revealed that since 
boihood the patient had had a fine tremor of the hands 
and arms, which had been noted especially after 
exertion Little or no progression in this tremor had 
occurred in the past several years At tunes there 
appeared to be an accentuation of it with voluntary 
movement For four or five years, he frequently had 
had cramps in the legs These had been more severe 
at night and had been less pronounced since the edema 
had appeared. 

Imestigation of the family history revealed that a 
sister of the patient alwajs had had disproportionately 
large legs and that she had experienced an episode 
resembling St Vitus’ dance at the age of 13 years No 
further details could be elicited 

Physical examination revealed great enlargement of 
the abdomen, a fluid wave, upward displacement of the 
diaphragm and a pronounced pitting edema which 
extended to the level of the sacrum There was also 
a short basal diastolic murmur Examination of the 
ejes disclosed well defined Kayser-Fleischer rings 

Neurologic examination revealed verv slight abnor- 
malities There was a rather rapid tremor of moderate 
amplitude involving the hands, legs and tongue The 
tremor did not occur while the patient was at rest, 
but it was present when the tongue was protruded or 
the arms outstretched It persisted with approximately 
the same intensity during movements of the extremities, 
such as touching the nose with a finger There was 
also a tremor of the closed eyelids The tendon 
jerks were moderately increased and seemed slightly 
more active in the left extremities The fingers of the 
left hand could not.be wiggled as rapidly as is usually 
done The palm-chin reflex (contraction of the facial 
musculature overlying the chin when the palm is stroked) 
was present bilaterally to a slight degree Otherwise, 
the neurologic examination disclosed no abnormality 

The urine was normal The concentration of hemo- 
globin was 13 5 Gm per hundred cubic centimeters of 
blood The ervthrocytes numbered 4,220,000 and the 
leukocytes 4,100 per cubic millimeter of blood respec- 
tiv^ely Roentgenoscopy disclosed varices of the distal 
half of the esophagus The value for the blood urea 
was 34 mg per hundred cubic centimeters The value 
for the cholesterol was 208 mg and for cholesterol 
esters 124 mg , per hundred cubic centimeters of plasma 
The serum protein was 62 Gm per hundred cubic 
centimeters, and the albumin-globulin ratio was 11 10 
The prothrombin time (Quick’s method) was eighteen 
seconds, as was also the average normal control A 
sulfobromophthalein sodium test revealed grade 1 reten- 
tion of the dye, on the basis of 1 to 4 

Peritoneoscopy and abdominal paracentesis were per- 
formed on Nov 26, 1943 There was an advanced hob- 
nail type of cirrhosis, grade 4, on the basis of 1 to 4, 
of both lobes of the liver 

A high carbohydrate, high protein, low fat diet with 
vitamin supplements was prescribed, and the patient was 


dismissed It was not felt that the neurologic symp- 
toms were severe enough to warrant any attempt at 
treatment 

Case 2 — A single, white glass worker, aged 24 years, 
came to the clinic in January 1939, because of a tremor 
which had been present for a year At the onset it had 
involved only his right hand, but it had become pro- 
gressively worse and had spread to involve the left 
hand seven months later It occurred when the hands 
were at rest but was intensified by movement The 
patient could scarcely feed himself, and his handwriting 
was almost illegible For three months, friends had 
noticed that his expression had tended to become fixed 
There were some hesitation in speaking and a consider- 
able slowing of voluntary movement 
Examination revealed a pill-rolling type of tremor in 
both hands, occurring at rest The patient’s move- 
ments were all considerably slowed The facies was 
maskhke and the speech slow and monotonous There 
was no detectable rigidity of muscles, and the gait was' 
not typical of Parkinson’s disease After much deliber- 
ation on our part, the condition was classified as 
extrapyramidal dyskinesia — possibly an atypical parkin- 
sonism The Kayser-Fleischer rings, if present at the 
time of tins examination, were not noticed The knee 
jerks were obtained with reenforcement, but the ankle 
jerks could not be elicited There were no other find- 
ings of neurologic significance 
In January 1940, the patient returned to the clinic, 
complaining of dryness of the mouth and throat and 
blurred vision At this time he was taking stramonium 
The results of examination were essentially the same 
as they had been at the time he first came to the clinic 
A preparation of belladonna alkaloids was substituted 
for tlie stramonium, and the patient again was dismissed 
On Oct 29, 1943, the patient came to the clinic for 
the third time The chief complaint was a greatly 
swollen abdomen The history of the period interven- 
ing since his previous visit to the clinic is of consider- 
able interest In the course of the preceding year, 
there had been a great improvement in the symptoms 
of which he had previously complained The tremor 
had disappeared, and the speed of movement had in- 
creased to a point where he had been able to earn 
his living by driving a truck in a shipyard His hand- 
writing had improved greatly 
For more than two years prior to his third visit 
to the clinic, he had noticed distended veins over the 
lower part of the tliorax and upper part of the 
abdomen These had slowly become more prominent 
On September 12 he had been awakened in tlie night, 
he had felt nauseated and had vomited a large quantity 
of blood The vomiting had continued for two days ' 
and had been . accompanied with melena A second 
episode of hematemesis had occurred two weeks later 
Treatment at home had consisted of a series of blood 
transfusions 

Swelling of the abdomen had first appeared on or 
about October 1 and had become progressively more 
severe He had been in bed until four days before com- 
ing to the clinic, since he had been out of bed, severe 
dependent edema had developed 

Physical examination revealed a very pale young 
man with a rather expressionless face and slight 
rigidity of the voluntary muscles No tremor was 
noted There was a definite heaw brownish pigmenta- 
tion around each cornea, which a consultant in the sec- 
tion on ophtlialmology classified as unusually well 
marked Kayser-Fleischer rings 

Over the lower part of the thorax and upper part of 
the abdomen there were dilated superficial veins, and 
about the umbilicus there was a well developed caput 
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medusae (fig 1) In the region of the xiphoid proc- 
ess, a continuous venous murmur was heard (fig 2) 
The abdomen was greatly swollen and a fluid wave 
was easily demonstrated The liver could not be felt, 
but enlargement of the spleen to the level of the umbili- 
cus was demonstrable by ballottement There was a 
moderate degree of edema of the scrotum and lower 
extremities 



Fig 1 (case 2) — Caput medusae and dilated venous 
channels on anterior wall of abdomen and thorax (in- 
fra-red photograph) 


vealed that the value for the directly reacting bilirubin 
was 2 4 mg and the value for the indirectly reacting 
bilirubin was 0 9 mg per hundred cubic centimeters 
of serum The value for the cholesterol was 114 mg 
and for the cholesterol esters 71 mg per hundred cubic 
centimeters of plasma The value for the fatty acids was 
187 mg and for lecithin 132 mg per hundred cubic centi- 
meters of plasma The prothrombin time was twenty-one 
seconds, as compared with an average normal of 
eighteen seconds A sulfobromophthalein sodium test 
of hepatic function revealed retention of the dye, grade 4 

In the hospital, the patient was treated with a high 
carbohydrate, high protein, low fat diet, vitamin supple- 
ments and liver extract In addition he was given three 
transfusions of 500 cc of blood After the transfusions, 
there was a great improvement in the ascites and edema, 
with a loss of 28 pounds (12 7 Kg) during his stay in 
the hospital of ten days In spite of this great improve- 
ment there was little objective change in the laboratory 
findings The value for the serum protein rose only to 
5 58 Gm per hundred cubic centimeters, the albumin- 
globulin ratio was 10 1 06, and the value for the hemo- 
globin increased only a little more than 1 Gm per 
hundred cubic centimeters of blood, that is, to 6 5 Gm 

At the conclusion of his stay in the hospital, he was 
dismissed with the advice to continue the diet and the 
use of the vitamin supplements, liver extract and a prepar- 
ation of iron No treatment was necessary for the mild 
neurologic signs which still were present 

COMMENT 

These cases are interesting in that they consti- 
tute examples of the rare type of hepatolenticular 
degeneration in which the hepatic lesion is 
symptomatically more prominent than the neuro- 
logic one Usually, the clinical pictuie is one 
of a severe and progressive disorder of move- 
ment, and evidence of hepatic involvement is 
difficult to find The second case is remarkable 
not only from this standpoint but because of at 
least two other very unusual features 
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Fig 2 (case 2) —Sound tracing of epigastric murmur in region of xiphoid process (upper tracing) Simul- 
taneous electrocardiographic and respiratory tracings are also shown 


Neurologic examination revealed only slight slow- 
ness in movement in most muscle groups and that the 
deep tendon reflexes were moderately to greatly dim- 
inished 

Laboratory examinations revealed severe anemia and 
leukopenia The concentration of hemoglobin was 5 3 
Gm per hundred cubic centimeters of blood The 
erythrocjtes numbered 2,230,000 and the leukocytes only 
1,200 per cubic millimeter of blood, respectively' The 
blood smear showed a hypochromic anemia with in- 
creased regeneration The value for the blood sugar was 
81 mg and the concentration of serum protein was 50 
Gm, per hundred cubic centimeters The albumin-glo- 
bulin ratio w'as 12 1 0^ The van den Bergh test re- 


in the fit St place, when the patient came to 
the clinic the first and the second time theie was 
evidence of advanced disease m the basal nuclei, 
and the usual palliative treatment w as instituted 
In a period of a little less than three years 
between his second and third visits to the clinic, 
the symptoms had largely disappeaied The 
patient, although once incapacitated b) the 
tremor and slowmess of movement had so im- 
proved that he w^as able to w ork as a truck driver 
in a shipyard until forced to go to bed because 
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of loss of blood Although the fluctuating char- 
actei of the neuiologic symptoms has been men- 
tioned by Wilson, the piogiessive natuie is 
usually stressed Certainly, such noticeable im- 
piovement in neuiologic symptoms as this 
patient displa 3 fed is laiely obseived 
The second outstanding featuie of particulai 
interest in this case is the occuiience of anothei 
well known but laie syndiome called the “Ciii- 
veilhiei-Baumgaiten syndiome” This teim has 
been applied to a clinical picture of portal 
hypertension with evidence of excessive umbili- 
cal collateral cii dilation in the form of a loud 
abdominal niuimui or thrill An enlarged spleen 
IS almost always piesent. The two physicians 
after whom this syndrome is named each i epoi ted 
a case, Ciuveilhiei " in 1852 and Baumgarten " 
in 1908 At necropsy, in both cases, the umbili- 
cal vein u as found to be u idely patent , tlie liver 
uas small and atrophic but not ciirhotic, and the 
spleen was enlarged It was suggested in their 
reports that a congenital patency of the umbilical 
vein \vas of pnmaiy etiologic significance and 
that the atrophy of the liver w^as secondaiy to 
the shunting of the poital blood aivay from the 
liver thiough this vein 

Since the time of these early lepoits, a numbei 
of similar cases have been lecoided, all -with 
evidence of portal h}^pertension and a well de- 
veloped umbilical collateral ciiculation associated 
with an abdominal thiill oi muimur It has 
become appaient that in most instances the pii- 
raary trouble is a cirrhosis of the liver, Banti’s 
disease or some othei cause of poital obsti action 
When the piessure in the portal system is 
inci eased, any collateial loute wdiereby blood 
can escape from the poital to the caval venous 
system may be utilized One of the most com- 
mon of these loutes is the connection betw^een 
the coionary vein of the stomach and the inter- 
costal, azygos minoi and diaphiagmatic veins of 
the caval circulation, wdiich produces esophageal 
varices 

A w^ell developed collateial ciiculation in the 
umbilical legion is less common The umbilical 
vein, it will be remembei ed, cai ries blood during 
fetal life from the placenta to the liver Oidi- 
narily it becomes entirely obliteiated a few days 

7 Cited by Aimstiong, Adams, Tragerman and 
Tow nsend ® 


aftei biith and lemains as a fibrous cord wdiich 
passes from the umbilicus to the left bianch of 
the portal vein and is known as the round liga- 
ment of the hvei Small veins wdiich accom- 
pany It may connect the left bianch of the portal 
vein wuth the superficial veins about the umbili- 
cus In a few' cases, because of persistent 
patency of the umbilical vein oi because of the 
increase in size of the paraumbilical veins, a 
collateial ciiculation is w'ell developed m the 
umbilical region Anastomosis takes place wnth 
the systemic veins on the anteiior abdominal 
wall 

The murmui and thrill w'hich are essential 
diagnostic features of the Ciuveilhier-Baum- 
gaiten syndiome may be found at various sites 
on the abdomen but are most common at the 
xiphoid cartilage oi neai the umbilicus They 
are of venous origin and probably are produced 
by the rapid flow of blood from a nanow' to a 
widely dilated venous channel 

In 1942 Armstiong, Adams, Tiagerman and 
Townsend ® review'ed the cases of this sjuidrome 
to be found in the literatui e B}' adding 3 cases 
of then owm, the} were able to bung to 55 the 
numbei of cases leported Since then, at least 
1 other case has been leported'’ So far as w'e 
know, our case is the first one m which the 
essential clinical features of the two lare condi- 
tions, hepatolenticulai degeneiatioii and the 
Ciuveilhier-Baumgarten syndrome, have been 
observed 

SUMMARY 

In 2 cases of Wilson’s hepatolenticular degen- 
eiation the symptoms and signs of hepatic dis- 
ease were predominant In 1 of these cases, 
an extiaordinary i emission in the neurologic 
s}mptoms had occuried, and, in addition, the 
featuies necessaiy to classif} the disease as an 
example of the Ciuveilhiei -Baumgai ten syn- 
drome w'ere present 

8 Armstrong, E L , Adams, W L , Jr , Trager- 
man, L J, and Townsend, E W The Cruveilhier- 
Buamgarten Syndrome Review of the Literature and 
Report of Two Additional Cases, Ann Int Med 16 
113-151 (Jan) 1942 

9 Valk, H L, and Horne, S F Ciuveilhier- 
Baumgarten Svndrome (Splenomegah, Portal Hyper- 
tension and Patent Umbilical Vein) Case Report, Ann 
Surg 116 860-863 (Dec ) 1942 
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EFFICACY OF SOME DRUGS AND BIOLOGIC PREPARATIONS 
AS THERAPEUTIC AGENTS FOR TULAREMIA 

J FREDERICK BELL, PhD,'' and OSCAR B KAHN, MD 

DETROIT 


' Ratliei extensive liteiatuie is accumulating on 
therapy foi tulaiemia Among the mimeious 
agents used foi the tieatment of tularemia, sev- 
eial have received special mention These aie 
(I) serum, (2) sulfonamide compounds, (3) 
aisenic compounds, (4) ferious iodide, (5) 
metaphen and (6) aciiflavine 

In biief lesume, the first of these, seium, has 
had the most extensive trials both clinically and 
experimentally Unfoi tunately the woik of 
Foshay ^ m clinical trials and of Francis and 
Felton - in expeiimental tiials has led to oppos- 
ing conclusions The data which Foshay ob- 
tained from treating human beings led him to 
believe that seium effects a significant i educ- 
tion in both morbidit} and mortality Fiancis 
and Felton, on the other hand, concluded that 
antitularemic seiums piepaied from hoises, 
sheep and labbits as well as from convalescent 
human beings shov no evidence of piotective 
effect in white mice 

Many othei clinicians have repoited on the 
use of serum in the ti eatment of tulai emia Some 
considered Foshay’s serum theiapy beneficial, 
but most of the conclusions vere based on few 
cases and lacked paiallel senes of controls 
Hillman and Moigan ^ stated that Foshay’s anti- 
serum used in an outbreak of tulai emia involving 
28 pel sons was without sti iking results 

With respect to theiapy by means of sulf- 
anilamide and othei sulfonamide compounds the 
repoits are also conflicting Cuitis^ and May’’ 

Alexander Blain Hospital Research Associate in 
Pathology, Wayne University College of Medicine, 
Detroit 

1 Foshay, L Tularemia Summary of Certain 
Aspects of Disease Including Methods foi Early Diag- 
nosis and Results of Serum Treatment in Six Hundred 
Patients, Medicine 19 1-83 (Feb I 1940 

2 Francis, E , and Felton, L D Antitularemic 
Serum, Pub Health Rep 57 44-55 (Ian ) 1942 

3 Hillman C C, and Morgan, M T Tularemia 
Report of a Fulminant Epidemic Transmitted by Deer 
Fly, J A j\I A 108 538-540 (Feb 13) 1937 

4 Curtis, W L Sulfanilamide m Treatment of 
Tularemia, I A AI A 113 294 (July 22) 1939 

5 May, L M Late Tularemic Septicemia Re- 
covery Following Administration of Sulfanilamide Com- 
pounds, Ann Int Med 15 320-323 (Aug ) 1941 


lepoited successful cuies of tulaiemia with 
sulfanilamide Certain other mvestigatoi s re- 
ported the ineffectiveness of sulfanilamide 
Weilbaecher and Moss ° used sulfapyridine and 
sulfamethylthia7ole as well as sulfanilamide and 
consideied only sulfamethylthiazole to have 
therapeutic value The experience of Johnston ' 
is especialty enlightening He stated that “ 
lapid clinical impiovement ensued immediately 
following its [sulfanilamide] use During the 
subsequent rise in fever the drug was puiposely 
withheld 111 spite of which a piompt diop to nor- 
mal occuried ” Johnston concluded that the 
value of sulfanilamide is questionable Smith 
and Rice® noted the failuie of theiapy i\ith 
sulfonamide compounds but conversely noted 
an improvement coincident with the administia- 
tion of sulfapyiidine To date few well con- 
trolled laboiatoiy expeiiments dealing with the 
effect of sulfonamide compounds on tulaiemia 
have been lepoited 

Miller and Bannick,® and G L and E G 
Powei s used a combination of sulfanilamide 
and antiseium, but they diffeied in their conclu- 
sions as to its value The former authors re- 
eaided it as ineffective The Poveis stated that 
“ there is probably a syneigistic action 

between the tularemia antiseium and sulfanil- 
amide” In each lepoit the opinion was based 
on only 1 case 

Neoaisphenamine, SMup of feiious iodide, 
metapben, autogenous vaccine and aciiflavine 

6 Weilbaecher, J O , Jr , and AIoss, E S ' Treat- 
ment of Tularemia with Thiazole Derivatives of Sulf- 
anilamide,, New Orleans A'l & S J 92 694-697 (June) 
1940 

7 Johnston, J A'l Ulceroglandular and Pulmonary 
Tularemia Treated with Sulfanilamide, JAMA 
115 1360 (Oct 19) 1940 

8 Smith, W F, and Rice, J ]\I Tularemia, New 
York State J Aled 41 686-687 (April 1) 1941 

9 jMiller, J M , and Bannick, E G Tularemia 
Report of Case, Proc Staff Meet , Mayo Clin 13 494- 
496 (Aug 3) 1938 

10 Powers, G L, and Powers, E G Tularemia 
Report of Case Treated with Sulfanilamide and Anti- 
seium, Texas State J Med 35 350-353 (Sept) 1939 
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have been used b}' vaiious clinicians with 
reportedly satisfactoi} results 
The many conti adictory repoits witn lespect 
to the ^alue of the aforementioned theiapeutic 
agents for the treatment of tularemia can only 
be confusing to the mteimst who must tieat the 
disease Our objective in this expeiiment nas 
to obseive lesults of tieatment of a numbei of 
animals with the vaiious agents and to compaie 
these data with the data obtained fiom similail) 
infected animals which weie untieated We fell 
that conclusions could be drawn with giealei 
validity from data thus obtained than fiom the 
impiessions resulting horn the tieatment of a few 
patients 

MATERIALS AND METHODS 

Guinea pigs were chosen as the animals on which to 
conduct early experiments, for tularemia is well known 
m this species Furthermore, the animals were easily 
obtainable at the time, and they were large enough to 
permit the withdraw al of blood for the determination 
ot the levels ot the drugs It w'as impossible to obtain 
stock of uniform size, but in each experiment the ani- 
mals were distributed among the experimental and the 
control groups so that they W'ere apparently equivalent 

The Vavenbj strain of Pasteurella tularensis, ob- 
tained from Dr R R Parker, w'as used throughout 
Virulence ivas maintained by animal passage No 
attempt w’as made to insure constant dosages of the 
infectious culture material in the lanous expeiiments, 
although, of course, in any one experiment the infect- 
ing doses given to experimental and to control animals 
w'ere the same In general, the method of measuring 
the doses w'as to culture the bacteria on a cystine agar 
medium for about fortv-eight hours, to hariest by 
suspension m isotonic solution of sodium chloride and 
to dilute to a density corresponding to the no 6 tube 
of the MacFarland nephelometer senes Decimal dilu- 
tions of this suspension, usually 02 cc , were subse- 
quently used for inoculation, wdiich w'as usually 
performed subcutaneously m the nglit inguinal region 
In one experiment (no 7) a triturate of glycerinated 
spleen from an infected guinea pig was used for the 
test dose 

The selection of therapeutic doses of the drugs and 
the manner of their administration were arbitrary and 
open to criticism In general the rationale w'hich 
formed the basis for each test was as follows The 
amounts of the drugs given were made larger in pro- 
portion to the w'eight of the subject than the doses 
given m clinical trials The doses w’ere kept below 
toxic levels, how'ever The therapeutic agents were 
given very soon after the infecting organisms had been 
injected, synchronously with them or, in some cases, 
even before injection of the bacteria It was intended 
that if therapeutic efficacy w^ere manifested by these 
means more severe tests should be instituted by further 
administration of the drugs in the later states of infec- 

11 Barthelme, F L Metaphen Intravenously in 
Treatment of Tularemia, Illinois M J 72 317-320 
(Oct) 1937 Dickey, F G Tularemia Diagnostic and 
Therapeutic Study, Bull School Med , Umv Maryland 
24 143-150 (Jan) 1940 Elson, L N Treatment of 
Tularemia, New' Orleans M & S J 91 296-299 (Dec) 
1938 Loria, F L Treatment of Tularemia with 
Acnflavme, Am J M Sc 202 803-808 (Dec ) 1941 


tion The regimens did not correspond in all cases 
with the regimens which are most effective for human 
beings It is desirable to give penicillin to human 
beings by the constant intrarenous drip method, but 
technical difficulties precluded the use of this pro- 
cedure for guinea pigs In an attempt at compromise, 
penicillin was given by the mtrapentoneal and intra- 
muscular routes so that slow' absorption w'ould main- 
tain the level in the blood 

To help the readei visualize the amounts of 
the diugs used, each dose mentioned in the 
follow'ing data is follow'ed by the equivalent dose 
foi a man of average w'eight Since the average 
W'eight of the guinea pigs was close to 0 5 Kg 
and since the average weight of men is about 
70 Kg , the actual doses used have been multi- 
plied by 140 to allow' comparison w'ltb the usual 
clinical doses 

RESULTS 

The results of the experiments are presented 
m giaphic form The charts show' the time of 
surtnal of the treated animals compared with 
the time of survival of the untreated controls 
In each chart the peiiod of survival of the 
animals treated w'lth a drug is to be compared 
with the peiiod of suivival of the controls for 
the same experiment only, since, though a drug 
may have been used m more than 1 experiment, 
the infecting doses varied In every experi- 
ment the deaths w'ere due to tularemia 

It should be noted that the scales of both the 
abscissas and the ordinates in the different charts 
vary Each line on a chart begins at a point 
lepresentmg the number of animals surviving 
after the first fatalities m the series had been 
discovered 

It may be stated here that control animals 
W'ere also given injections of the drugs In only 
1 case did an animal show evidence of toxicity 
This was 1 of 2 guinea pigs given acnflavme 
m amounts equal to the test dose Symptoms 
of tetany, much like those of strychnine poison- 
ing, developed m the animal, which died in five ^ 
days The other animal remained well The 
experimental animals did not evidence symptoms 
of tetany 

E% pertinent 1 Sulfamlannde and Snlfadtazine (chart 
1 A) — Tw'o hundred milligrams of sulfanilamide in the 
form of SO mg tablets was administered orally one- 
half hour after infection, 100 mg was given every 
twelve hours thereafter If 0 5 Kg is considered the 
a\erage w'eight of guinea pigs and 155 pounds (70 Kg) 
the average weight of men, this is the equivalent of 
administering 28 Gm as an initial dose and 14 Gm 
eiery tw'elve hours thereafter to a man 

The same course of treatment, with sulfadiazine used 
instead of sulfanilamide, was applied to 10 animals 

Ten animals were used as controls At necropsy no 
lesions or crystals w'ere found m the kidneys of these 
animals 
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Expenmcnt 2 Metaphen and Acufiavine (chart 1 B) 
— Eight-tenths cubic centimeter of a 1 100 solution of 
metaphen was injected intramuscularly into the leg of 
10 animals at the time of infection, and 0 4 cc of a 
1 100 solution was injected subcutaneously into the 
right inguinal region forty-eight hours later This 
amount of solution is comparable to 168 cc of a, 
1 100 solution of metaphen injected within forty-eight 
hours into a man 

One cubic centimeter of a 1 100 solution of acrifla- 
vine was injected subcutaneously into the right shoulder 
of 10 animals at the time of infection, and 0 5 cc was 
injected forty-eight hours later This dosage is com- 
parable to 210 cc of a 1 100 solution m fort>' -eight 
hours for a man 

Ten animals were used as controls 

Expenmcnt 3 Antitulai emta Senim and Suljameia- 
zine (chart 2 A) — Three cubic centimeters af a hyper- 
immune equine tularemia serum dehydrated to less than 


rate of 5 mg per kilogram of body weight one hour 
prior to infection The injections were made m the 
saphenous vein The comparable dose of mapharsen for 
a man would be 350 mg The usual antisyphilitic dose 
IS 60 mg 

Ten animals were used as controls 
Experiment 5 A Pi eparaUon of Arsenic and Bismuth 
and Penicillin (chart 3 A) — Two-tenths cubic centi- 
meter of an aqueous solution of bismuth subgallate and 
sodium para-aminophenylarsonate IS was injected into 
the muscle of the right hindleg of 7 animals at the time 
of infection and 02 cc into the left hindleg forty-eight 
hours later This is the equivalent of 56 cc injected 
into a man within forty-eight hours 
One thousand units of penicillin was injected intra- 
peritoneally into 7 animals every eight hours until the 
death of the animals This dosage is comparable to 
420,000 units injected every twenty-four hours into a 
man 

Seven animals were used as controls 



Chart 1 — Time of survival of animals given (A) su fanilamide (dotted line) and sulfadiazine (dot and dash 
line) and (B) acnflavme (dotted line) and metaphen (dot and dash line) The solid lines are the curves for 
the control series 




Chart 2 — Time of survival of animals given (A) serum (dotted line) and sulfamerazme (dot and dash line) 
K and (B) mapharsen (dotted line) The solid lines represent the control series 


1 per cent of the residual moisture, representing 
6 cc of the original horse serum, was injected intra- 
pei itoneally into 5 animals one-half hour prior to 
infection The comparable dose for a man is 420 cc 
of the concentrated serum or 840 cc of horse serum 
Two hundred milligrams of sulfamerazme suspended 
in a solution of sodium alkyl sulfate (containing 20 per 
cent of the drug) was given orally to 5 animals one- 
half hour prior to infection, and the dose was repeated 
every twelve hours The comparable dose for a man is 
56 Gm every twenty-four hours 
Five animals were used as controls 
^ Experiment 4 Maphaisen (chart 2B) — The 10 ani- 
/ mals m this experiment were given maphaisen at the 

12 The serum used was “lyovac” (Mulfoid) anti- 
tularemic serum 


Experiment 6 lodobismitol and Stibophen (chart 
3 B) — Two-tenths cubic centimeters of lodobismitol 
with sahgenin was injected into the muscle of the right 
hindleg of 7 animals at the time of infection and 02 
cc into the left hindleg forty-eight hours later This 
dosage is comparable to 56 cc injected within fortj- 
eight hours into a man 

Stibophen was injected into 7 animals in the same 
dosage and at the same site as the lodobismitol 

Se\en animals were used as controls 

Expcnment 7 Seium and Penicillin (chart 4) — One 
and five-tenths cubic centimeters of hyperimmune equine 
serum, dehydrated to less than 1 per cent of the residual 
moisture 12 (representing 3 cc of serum) uas injected 
intracardially into 7 animals two hours prior to mfec- 

13 The solution used was arseno-bismulak 
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tion An equivalent amount for a man would be 210 cc 
of the concentrated serum 

Penicillin was injected into 7 animals The dosage 
was the same as in experiment 5, but the method of 
administration was bj’- intramuscular injection rather 
than intraperitoneally 

Seven animals were used as controls 

Experiment 7 is the only one in which the 
lesults are equivocal It appears that tliere 
was a significant inciease in the time of survival 
of the experimental as compared with the con- 
tiol animals Unfoi tunately in this experiment 


The fact that the rate of deaths in the group 
given penicillin parallels the rate in the group 
given serum, which other experiments have 
shown not to survive significantly longer than 
contiol animals, indicates to us that penicillin 
does not appreciably lengthen the period of sur- 
Aural of guinea pigs infected with tularemia 
J J Griffitts and C L Larson, of the National 
Institute of Health, permit me to state that the 
lesults of their expeiiments (unpublished) show 
no bacteriostatic efiect of penicillin on Pasteu- 
lella tulaiensis in Mtro 



Chart 3 — ^Time of sur\ival of animals given (A) an aqueous solution of bismuth subgallate and sodium para- 
aminophenjdarsonate (dotted line) and penicillin (dot and dash line) and (B) stibophen (dotted line) and lodo- 
bismitol with sahgenm (dot and dash line) The solid lines represent the control senes 



Chart 4 — Time of survival of animals gnen scrum 
(dotted line) and penicillin (dot and dash line) The 
solid line represents the control series 

most of the animals m the contiol gioup weie 
not strictly comparable uith those m the test 
groups, foi they had not been fed gieens pre- 
Mously in comparable amounts Since guinea 
pigs on a diet deficient in vitamin C are prone 
to ha\e spontaneous pneumonia, it is possible, if 
not probable, that the diffeience m feeding is 
responsible foi the diflrerence in time of suivival 


SLMM VRY 

The following therapeutic agents weie tested 
111 the treatment of experimental tulaiemia 
sulfanilamide, sulfadiazine, sulfameiazme, acri- 
flavine, metaphen, iodide and bismuth (lodo- 
bismitol with saligenin), aisenic and bismuth 
(solution of bismuth subgallate and sodium paia- 
aminophenyl arsonate), tnvalent aisenic alone 
(maphaisen). antimony, (stibophen), penicillin 
and hyperimmune equine antitularemic serum 
'All of these substances penicillin possibly ex- 
cepted, ueie used in amounts which pioportion- 
ately exceeded the doses given human patients 
It is our opinion that the results of the thera- 
peutic tiials do not demonstiate any advantage^ 
111 employing these drugs therapeutically 

Dr Lee Foshay, Parke-Davis and Company, Abbott 
Laboratories, Sharpe and Dohme Companj and the staff 
of the Pliarmacology Department of Wayne University 
College of J'fedicme provided the experimental animals, 
serums and drugs used in these experiments 
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It IS the purpose of this report to describe the 
clinical featuies of relapsing Plasmodium vivax 
malaiia in soldiers evacuated to the United States 
from the South Pacific area Since striking clini- 
cal differences may be caused by different sti ains 
of the same species of plasmodium and by diffei- 
ences in the host such as race, previous exposure 
and types of treatment,’- this report seems desir- 
able in order to acquaint medical officers and 
civilian physicians with the clinical features of 
this type of the disease 

The data indicate that the acute attacks aie 
lelatively mild, that quinaciine hydrochloride is 
an effective drug both foi lidding the blood of 
' the parasites and foi control of clinical symptoms 
and that with the passage of time the rate of 
lecuirence has dropped significantly in this 
group of soldiers, most of whom weie evacuated 
piimarily because of then laige number of 
1 elapses The lesults of laboiatory studies of 
these patients will be piesented in sepaiate 
reports 

SUBJECTS AND METHODS 

The subjects of this study were 435 soldiers 
eA^acuated from islands in the South Pacific 
where malaria is endemic " Although accoi d- 
^ing to then histones many had had infections 
with both Plasmodium falciparum and Plas- 
modium vivax, and although it is recognized that 
different strains of P vivax may have been 
lesponsible foi the relapses now repoited, never- 

From the Eighth Service Command of the Army 
Service Forces, Harmon General Hospital, Longview, 
Texas 

1 (a) Boyd, M F The Infection in the Inter- 
mediate Host Symptomatology, General Considera- 
tions, in a Symposium on Human Malaria, Publication IS, 
American Association for the Advancement of Science, 
1941, p 163 (b) Geiman, Q M Medical Progress 

Advances m Malaria Research, New England J Med 
229 283 (Aug 12) , 324 (Aug 19) 1943 
' 2 Simmons, J S Global Malaria, New England 

J Med 229 60S (Oct 14) 1943 


tireless the soldiers represented a uniform gioup 
in the following respects 
a All but 7 were white 
b All were young adults (the ages ranging 
fiom 20 to 40 years for all but 7) 
c Only 8 patients gave a history of proved, 
and an additional 12 of possible, attacks of 
malaria piior to exposure in the South Pacific 
area 

d All had had suppressive treatment in the 
area where malaria was endemic, mostly with 
cjuinaciine hydi ochloride 0 4 or 0 6 Gm weekly 
e All had had lelatively prompt treatment of 
acute attacks both in areas where the disease 
was endemic and in areas where it was not 
endemic 

f All but 4 had had attacks prioi to admission 
to Haimon General Hospital 

g All were observed for a period varying 
from one to seven months at Harmon General 
Hospital in an area in aaIhcIi the incidence of 
indigenous malaria is at present extremely low 
h With the exception of 1 due to a mixed 
infection with P falciparum, all relapses ob- 
served wei e due solely to P vivax 

Patients in the especially created malaiia sec- 
tion were quartered in wards of the hospital 
proper during an initial period of complete medi- 
cal study and during relapses At other times 
they were housed in barracks foi convalescent 
patients where a program of reconditioning was 
carried out As soon as symptoms of a relapse 
developed, thick and thin smears of capillary 
blood were examined for malarial parasites, and 
the patient was transferred to a ward for the 
treatment of patients with acute attacks Specific 
ti eatment ^ was never begun until aftei a smear 

3 (a) The Treatment and Clinical Prophylaxis of 
Malaria, Circular Letter no 135, War Department, 
Office of the Surgeon General, Washington, D C , 
Oct 21, 1942, (b) The Drug Treatment of Alalaria, 
Suppressive and Clinical, Circular Letter no 153, ibid, 
Aug 19, 1943 
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had been taken During the first three months 
of the study, treatment was begun without wait- 
ing for the report on the smear if the symptoms 
were typical, 97 per cent of these smeais were 
reported positive During the last four months, 
treatment was begun only if the smeai was posi- 
tive and the patient’s temperature was 100 F 
or over 

3? AST HISTORIES 

The length of time spent m zones where 
malaria was endemic varied from one to three 
months for 14 per cent of the 435 patients to 
thirteen to fourteen months for 4 per cent Two 
hundred and eight), oi 64pei cent, leinamed four 


number of attacks per man varied directly with 
the duration of the infection It was smallest 
m the first group, 3 6 attacks per man in five 
months, and largest in the sixth group, 8 3 at- 
tacks in twelve months 

Further analysis of the data regarding the 
entire group of 435 men shows the following 
Of 98 men in whom the infection was of four to 
SIX months’ duration, only 14 per cent had had 
more than 7 attacks, whereas 62 per cent of men 
whose infection was of ten to twelve months’ 
duration had moie than 7 attacks Of 49 men. 
the known duration of whose infection was thir- 
teen to sixteen months, 37 per cent had had 


Table 1 — Malarta Hfiloiy of Patients Befoie Admission to Hannon Genet al Hospital 
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4 0 

SC 
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21 

9 
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85 

12 

83 

2 

21 

36 

28 

8 

4 

• Includes one patient ivitli no previous attack of malaria 

t Includes two patients vrith no previous attack of malaria 

Table 2 - 

—Relapses of Patients zvith Malaita at Hannon 

Gencial Hospital ftom Admission 
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27 

39 

36 

10 

2 

149 

3 

October 10 

iS 

IS 

4 

22 

5 

9 

0 

0 

23 

4 

December 2 
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2 
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3 
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0 

32 

C 
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1 

85 

47 

65 

38 
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0 

0 
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Totals and averages 

36 

435 

139 

32 

200 

72 

19 

5 

421 


to six months , 13 per cent lemamed seven to nine 
months, and 5 per cent remained ten to twelve 
months After being evacuated, 30 per cent 
spent one to three months, 26 per cent four to 
SIX months, 24 per cent seven to nine months 
and 20 per cent ten to twelve months in zones 
where the disease was not endemic befoie being 
admitted to Harmon General Hospital During 
the period m these areas, suppressive therapy 
was used not at all or only for variable short 
periods after ai rival, relapses were treated 
promptly 

In table 1 the data regaiding the number of 
attacks have been arranged according to groups 
. of patients as they arrived at Harmon General 
Hospital As might be expected, the average 


10 to 12 attacks , 12 pei cent had had 13 to 16, , 
and 4 per cent (2 men) had had over 16 attacks 
Four men had no attacks prior to admission to 
Harmon General Hospital 

MALARIAL ATTACKS AT HARMON GENERAL 
HOSPITAL 

The number of malarial attacks at Haimon 
General Hospital is shown in table 2 During 
the periods of observation indicated for the 
respective groups a total of 421 clinical attacks 
occurred in 295, or 68 per cent of the total of 
435 patients Two hundred patients had a single 
attack, 72 had 2 attacks, 19 had 3 attacks, and 
5 had 4 attacks Of the 139 patients with no 
attacks, 47 had been observed foi only one 
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month at the time of the writing of this report 
The high incidence of patients with attacks m 
group 5 (32 of 33) is explained by the fact that 
most of these patients were admitted to the 
malaria section because of a malarial relapse 
after admission to the hospital foi some other 
cause 

P '1 odi omal Symptoms — In 180 (73 pei cent) 
of 245 attacks, there •\\eie definite prodromal 
s} mptoms befoi e the onset of a chill, well defined 
chilly feeling oi higli fever Headache, back- 
ache, weakness and generalized aches were the 
most common complaints A few patients com- 
plained of nausea oi abdominal discomfort and a 
few of aching testicles Although in some 
instances prodiomal s} mptoms were mild or 
A ague and desci ibed v ith difficulty, it was found 
that the majority of patients could -predict, .an , 
impending attack with accuiac} 

Chmcal Mamjcstahons oj the Acute Attacks 
— Adequate recoids weie available foi analysis 
of the clinical manifestations in 355 of the total 
-of 421 attacks The data are summarized m 
table 3 


Table 3 — Chmcal Mamjcsiations in 355 Attacks 
of Malaria 


Sj mptoms 

Numbei 

Per Cent 

Chill 

281 

SO 

Chilly feeling 

30 

8 

No chill or chilly feeling 

43 

12 

Headache 

341 

96 

Backache 

318 

88 

Generalized aches 

311 

88 

Malaise, weakness 

344 

97 

Nausea 

20S 

59 

Vomiting 

127 

36 

Cerebral symptoms 

30 

8 

Tinnitus 

92 

26 ' 

Abdominal pain, right side 

112 

32 

Abdominal pain, left side 

149 

42 

Abdominal pain, none 

188 

53 

Abdominal tenderness, right side 

40 

11 

Abdominal tenderness, left side 

89 

25 

Abdominal tenderness, none 

266 

76 

Spleen palpated 

80 

23 

Biver palpated 

19 

11* 

Herpes labialis 

04 

27 


* Records available for only 173 attacks 


In 80 per cent of the attacks there was a 
chill, and in only 12 per cent was there neither 
chill nor chilly feeling In almost all the 
patients m whom a chill occuried, it took place 
prior to institution of theiapy In a few, how- 
ever, the diagnosis was made on the basis of 
symptoms other than a chill, plus the findings of 
parasites m the smear, therapy was then insti- 
tuted, but it did not always prevent the occur- 
rence of a chill 

There were complaints of headache and of 
, weakness and malaise in 96 and 97 per cent, 
respectively In 88 pei cent there were backache 
and generalized aches Headache and backache 
were frequently seveie and usually lasted for 


several days after the subsidence of the fevei and 
other symptoms Patients complained of ab- 
dominal pain in 47 per cent of the attacks, in 
32 per cent this was referred to the right side 
and m 42 per cent to the left In almost all 
instances the pain was described as being in the 
upper pait of the abdomen, and when present 
bilaterally, as it fiequently was, it was usually 
shaiper on the left One patient, however, com- 
plained so bitterly of pain in the right upper 
quadrant of the abdomen with radiation to the 
right shoulder that a diagnosis of acute chole- 
cystitis was considered until a smear positive for 
malaria organisms and subsequent piompt sub- 
sidence of symptoms with treatment with quma- 
crine made malaria alone appear the more likely 
cause for his symptoms In 75 per cent of the 
.patients there w as no abdominal tenderness , m 1 1 
per cent there was tenderness on the right side 
and m 25 pei cent on the left Frequently the 
patient complained that it was made worse by 
deep breathing The tenderness on the light 
side was in the upper quadrant of the abdomen 
in all but 1 patient, and in him there were no 
physical findings to suggest appendicitis There 
w'ere, how^ever. 2 patients who were taidy in 
leporting symptoms of acute appendicitis because 
they thought that malarial relapses were develop- 
ing In both patients a rise m the number of neu- 
trophils 111 the blood aided in the diagnosis In 

2 patients m whom lobar pneumonia devel- 
oped synchronously with malarial paroxysms, 
the number of neutrophils was sufficiently ele- 
vated to indicate that malaria was not the sole 
cause of their chills, fever and prostration In 
1 of these, the finding of a positive malaiial 
blood smear within four days after completion of 
a dosage of 2 8 Gm of quinacrine hydrochloride 
suggests that the onset of lobar pneumonia pre- 
cipitated the malarial attack Both patients were 
treated with sulfadiazine as well as antimalanal 
medicaments (one with quinacrine h 3 ^drochloride 
and one with quinine sulfate) with prompt re- 
covery both from pneumonia and from malaria 

Nausea and vomiting occurred in 59 and 36 
per cent of the attacks, respectively Because 
treatment was instituted promptly, one cannot 
state how often these symptoms were due to 
malaria, how often to the quinine or quinacrine 
given and how often to the combination of dis- 
ease and medication In 34 of the 208 patients 
with nausea, the complaint was made definitely 
before any medication had been given In only 

3 attacks treated with quinacrine was it neces- 
sary to discontinue the drug because of vomit- 
ing , all 3 patients gave a past history of vomiting 
severely even when small doses had been given 
as suppressive treatment For the remainder of 
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It was noted that the incidence of palpable 
spleen duiiiig i elapses varied in different groups 
of patients Foi example, in gioups 1 and 3 it 
was palpable in 8 and 13 pei cent of the i elapses, 
as coinpaied with 32 and 40 per cent in gioups 4 
and 6 In table 4 an attempt has been made to 
1 elate this finding to the known duiation of 
infection and to the numbei of attacks befoie 
admission to Harmon General Hospital The 
groups have been arianged in ascending ordei 
accoidmg to the incidence of palpable spleen 
As might be expected, the longer the duiation of 
known infection and the greater the number of 
previous attacks, the higher the inbidence of 
palpable spleen duimg the acute attack Othei 
factois, howevei, may have played a part, and 
their recognition prevents acceptance of this sim- 
ple relationship as the complete explanation of 
the differences between groups The patients in 
gioups 1, 2, 3 and 5 had received quinine foi at 


Table 4 — Relahon of Palpable Spleen Duimg Obseived 
Attack to Pievious Malaual Histoiy 




Number of 

Duration 


Spleen 

Attacks Before 

of Rnown 


Palpated, 

Admission, 

Infection, 


per Cent of 

Average 

Months 

Group 

Attacks 

per Man 

Average 

1 

8 

30 

5 

S 

13 

4 3 

7 

2 

22 

54 

8 

s- 5 

23 

4 0 

S 

4 

32 

02 

11 

C 

40 

8 9 

12 


least part of the tieatment m fioni 88 to 95 pei 
cent of their pievious attacks, wheieas the 
patients m gioups 4 and 6 leceived quinine as 
paitial tieatment foi only 33 and 42 pei cent of 
attacks Fuitheimore, most of the patients in 
gioups 4 and 6 weie membeis of the same 
infantry division and piesumably had then ex- 
posuie to malaria undei similar conditions which 
were perhaps different fi om the conditions in the 
other gi OLips. with i espect to both the natui e and 
the amount of infection In the absence of con- 
ti oiled studies, final judgment must be defeired 
as to the explanation for the observed diffei ences 
111 splenic enlaigement 

Fevei — The maximum (oral) tempeiatures 
attained aie indicated m figure 1, and the prompt 
subsidence of fevei in 313 attacks tieated solely 
with qumaciine hydiochloride is shown in 
figuie 2 In figuie 3 are piesented examples 
of the tvo most typical vaiieties of tempeiature 
cuives obtained following the administi ation of 
qumaciine Of two bundled and ninety-tvo 
giaphic temperatuie lecords available foi anal)- 
sis, 139 showed one peak and 153 tw'o peaks 
No sinking difteience w^as found between these 
two gioups m the incidence of positive smeais 


on the day aftei tieatment with qumacrme had 
been staited Seventy-eight per cent of the 
patients with two peaks and 62 per cent of those 
with one peak had positive smears on the morn- 
ing aftei treatment had been staited 

With the treatment outlined in table 5 theie 
w^as a piompt subsidence of acute symptoms. 


% OF 
ATTACKS 



DEGREES F 

Fig 1 — Distiibution of maximum oial temperatuies 
in 354 1 elapses of vivax malaria 


% OF 
ATTACKS 



DAT AFTER INITIATION OF TREATMENT 
THAT NORMAL TEMPERATURE (992) 

WAS ATTAINED 

Fig 2 — Effect of administration of qumacrme hjdro- 
chloiide on temperatuies in 313 attacks 

and the great majority of the patients needed to 
be peisuaded of the desirabiht}’- of lemaining 
lestiicted to the ward until theiapy w^as com- 
pleted In figuie 4 the effect of qumacrme 
hydrochloiide on the incidence of positne 
malaual smears is presented for 200 unselected 
patients foi each of w horn a smear w as examined 
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before tieatment \\as staited and every day 
thereaftei for foui da} s All patients had positive 
smeais before treatment was started In sineais 



| AA>AV‘’^V 

2 * 3 * 4 ' 5*6 ' 7 ’ 8 ' 9 'lo‘ II ‘(2* 
DAY OF MALARIAL ATTACK 



Fig 3 — Tjpical temperature curves vith quinacnnc 
h> clrochlonde therapv (A) indicates day on which 
quinacnne hjdrochlonde was started in dosage shown 
in table 5 


Table 5 — Tlieiapy Used m 421 Clinical Attacks*" 


^ umber 



Total 

of 



Dose, 

Attacks 

Drug Used 

Schedule of Dosage, Gni 

Gm 

14 

Quinine 

1 0 three times a daj for 2 days 

16 


sulfate (3a) 

then 



0 64 three times a day for 5 day s 


16 

Quinine 

0 64 three times a day for 3 day s 

6 


sulfate 

then 



Quinnerine 

0 1 three times a day for 5 day s 

1 5 


h\ drocWoride 

After 2 days’ rest 



Famaauine 

then 



naphthoate 

0 01 three times a day for 5 days 

015 


(3a) 



335t 

Quinacnne 

0 2 e\ erj 6 hours for 5 doses 

28 

hj drochlonde 

then 



(3b) 

0 1 three times a day for 6 days 



*■ Por 21 attacks various comlimations of the three drugs 
were used For 3 j attacks the details of treatment ucre not 
known because patients vere absent from the hospital at 
the time of the attacks 

i In 129 of these attacks the treatment (2 8 Gm of qulna 
crine hjdrochlonde) vas foliovcd by 01 Gra quimenne hydro 
chloride daily for a total of 60 dajs of treatment In 00 of 
these, 0 01 Gm of pamaquine naphthoate was guen three 
times a day for 3 dajs, beginning 1 day after completion of 
quinacnne hjdrochlonde (2 8 Gm ) and before the dailj dose 
of quinacnne hjdrochlonde (01 Gm ) was begun 


examined fiom eight to twenty-four hours aftei 
treatment; was begun, that is, after from 0 4 to 1 0 
Gm of quinacnne hydrochloride had been in- 
gested, 60 per cent showed malarial parasites On 


the second day of treatment this had dropped to 10 
per cent, on the third day to 1 5 per cent and on 
the fomth day to 1 per cent Thus, aftei forty- 
eight to seventy-tivo hours of treatment theie 
)vas virtually complete absence of parasites from 
the penphtial blood The great efficacy of 
quinacnne m controlling symptoms and fever is 
thus a reflection of its effect on paiasitemia 

Conmmit — Several distinctive features of the 
disease as it is seen in soldiers returning to this 
countiy have been noted m the study of this 
gioup of patients Although approximately 30 
per cent o^ the patients who said they knew the 
causative Plasmodia of their past malarial attacks 
inciiminated both P falciparum and P vivax, 
all the attacks obsei ved here were due to 
P vivax with the exception of one, in which 
both Plasmodia were identified 

The twm chief general characteristics noted, 
namely the gieat tendency to relapse and the 
lelative mildness of the acute attack under the 
tieatment outlined previously, conform to cus- 
tomary descriptions of vivax malaria ^ The rela- 
tive mildness of the acute attacks W'as manifested 
by the mfiequency of cerebral manifestations, 
\omiting and othei troublesome symptoms and 
by the prompt response to therapy In only 
1 patient was the response unsatisfactory to 



quinacnne given orally, quinine sulfate w’as 
substituted after foui days in wffiich chills and 
fever continued in spite of the administration of ^ 

7 Strong, R P Stitt’s Diagnosis, Prevention and 
Treatment of Tropical Disease, ed 6, Philadelphia, The 
Blakiston Company, 1943 
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qumacnne hydrochloride m the usual dosage 
Unfortunately, the amount of qumacnne in the 
plasma was not determined for this patient In 
the beginning of this study, quinine was given 
01 ally in preference to qumacnne to 2 pa- 
tients who became unconscious shortly after the 
onset of their chills, to several patients m the 
closed wards of the neuropsychiatric section and 
to 1 patient convalescing from an appendec- 
tomy At the piesent time, having observed the 
gieat efficacy of qumacnne m the treatment of 
acute paioxysms of vivax malaiia, we aie using 
it routinely with good effect even undei unusual 
conditions such as those outlined Excellent 
lesults have been reported when qumacnne 
hydrochloiide was given paienterally foi the 
treatment of cei ebral malaria ® 

In spite of the good immediate response to the 
theiapy descnbed, the large nunibei of relapses 
presents a significant problem Fust, good medi- 
cal care foi each attack lequires ideally that the 
soldier be hospitalized for a week or ten days 
Second, a large numbei of the patients com- 
plained on admission of not feeling up to the 
usual standard of health between attacks Evalu- 
ation of these symptoms has been difficult A 
thorough review by systems when the patients 
were admitted to the hospital frequently led to 
exaggeiation of symptoms in a group of men 
such as these, whose chief mteiest was then 
return to their homeland rather than rehabili- 
tation for active duty 

At the time of then admission to Harmon 
General Hospital about a third of the patients 
complained of weakness, easy fatigability, palpi- 
tation or of dyspnea after exertion Two pa- 
tients had aortic insufficiency and paroxysmal 
auricular tachycardia, i espectively , but m the 
remainder of those whose symptoms peisisted, 
no evidence of heart disease could be found 
through physical examination, exercise tolerance 
tests, roentgenograms oi electi ocai diograms In 
^87 patients whose charts were available for this 
analysis, only 7 showed less than 4,000,000 and 
72 less than 4,500,000 red blood corpuscles pei 
cubic millimetei ot blood at the time of their 
admission to Harmon General Hospital Only 
3 had less than 13 0 Gm and 26 less than 
14 0 Gm of hemoglobin per hundred cubic 
centimetei s 

In appi oximately two thirds of 300 patients 
the admission weight was 10 pounds (4 5 Kg ) 
01 moie below then stated usual weight For 
57, or 19 pel cent, the appaient weight loss was 
^between 20 pounds (91 Kg) and 29 pounds 

8 Kirzon, M I The Treatment of Malaria m the 
Zone of Operations, Am Rev Soviet Med 1 226 
(Feb) 1944 


(13 2 Kg), for 13 (4 pei cent) between 30 
pounds (13 6 Kg ) and 39 pounds (17 7 Kg ), 
and foi 3 (1 pei cent) more than 40 pounds 
(18 2 Kg ) It IS possible, howevei, that many 
patients ovei estimated their usual weights 
Appi oximately one half of 140 patients had 
ill defined gasti omtestmal complaints, chiefly 
anoiexia In the majority of patients this 
symptom improved noticeably under the stimu- 
lus of the relatively sheltered existence of the 
convalescent program It was miiioied in 
weight gams in an aveiage of thiee and thiee- 
tenths months of fioiii 6 pounds (2 7 Kg) to 
more than 25 pounds (114 Kg ) m 120 oi 
46 pel cent of 256 patients foi whom recoids 
aie available 

About tvo thirds of 135 patients complained 
of headaches foi which, with few exceptions, no 
01 game cause could be found Likewise, about 
two thuds of 123 patients complained of nei- 
Amusness, including insomnia Fifty-twm of 128 
patients had complaints lefeiable to the eyes, 
these consisted of burning, laciimation, bluinng 
of vision 01 octilai fatigue Seventeen of these 
patients w^eie found to have lefi active eriors, 
chiefly of astigmatism, and collective glasses 
w^ere pioiaded Thiity-one of 123 patients had 
complaints referable to the eais, chiefly loss of 
auditoiy acuity or tinnitus In 12 of these, 
special examinations did leveal slight impair- 
ment of healing, but it w^as impossible to decide 
whethei to i elate this to malaiia, to quinine oi 
to exposuie to gunfire Depending on the 
thoroughness and persistence of questioning a 
variable and not inconsiderable number of men 
complained of backache and pains in muscles and 
joints Of 28 men whose backache led to an 
oithopedic consultation, 15 w^eie found to have 
adequate cause, such as arthritis, poor posture oi 
a definite histoiy of back stiain 

To what extent these lesidual symptoms could 
be attiibuted to malaria, to wdiat extent to othei 
infections suffered in the South Pacific area and 
to wdiat extent to the physical and mental iigors 
enduied it is difficult to say Although some of 
the patients suffered from severe psychoneurosis 
and could not be expected to suriendei their 
somatic complaints undei symptomatic treat- 
ment, othei s, who seemed well adjusted, also 
complained of easy -fatigabilit} In contrast there 
was a small minority of patients wath a history 
of multiple attacks of malaria who show^ed no 
signs of eithei emotional or phjsical disability 

REHABILITATION 

Shoitly aftei the first two gioups of patients 
with malaria had been admitted to the hospital, 
the need foi a program of rehabilitation became 
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obvious As has been mentioned, a majority of 
the patients had somatic complaints for which no 
definite organic cause could be found In those 
who seemed w^ell adjusted emotionally one could 
easily believe that the lecurrent bouts of feeling 
“rough” for several days represented subchnical 
malarial attacks wdiich never developed to the 
point of parasitemia or a paroxysm In man)'-, 
however, the complaints were persistent rather 
than intermittent and seemed to stem as much 
from factors such as exposuie to severe combat 
and living conditions in the South Pacific aiea 
01 previous peisonaht}^ pioblems as fiom lecui- 
lent malaiia For some patients, malaria was 
the tangible ciutch wnth wdiich they hoped to 
avoid furthei mihtar}’^ duty, otheis, with greatei 
personal insecunt}, went fuithei m then specu- 
lation about the futuie and felt that malaria 
would inteifere with their ever being useful citi- 
zens again even m ci\ ilian life Since tieatment 
of such s}mptoms could scaicely succeed m the 
atmosphere of a customar}^ hospital waid, t\io 
barracks onginall} planned for duty personnel 
Aiere opened for the malaiial patients Here, 
under noncommissioned officers picked from 
their ow n number, they w ere organized m 
gioups similai to the ones m which they had 
served wdien well They stood reveille, inspec- 
tion and letieat, w^ere given the same pass 
privileges as duty members of the hospital de- 
tachment and had graduated physical exercise 
Immediately after their admission to the detach- 
ment of convalescent malarial patients, they w'ere 
mtersnewed as to educational and occupational 
backgromid, both civil and mihtaiy, and assigned 
to duties in and about the hospital Here they 
made a positive contribution to the running of 
the hospital In addition to the jobs filled in 
their owm organization, they ivoiked as clerks, 
messengers, typists, dental and laboratoiy assis- 
tants, guards, repair men and W'aid men Tw^o 
men played m the hospital orchestra, 3 on the 
hospital baseball team, 1 became ait editor of 
the hospital paper and 1 helped as an instructoi 
in the occupational therapy depai tment 

The lesuraption of the semiduty status at use- 
ful and necessary woik not only gradually devel- 
oped physical stamina but restoied self confidence 
and contentment to a degree not possible 
as long as the men were kept in the usual status 
of patients This restoration was paiticularly 
evident among the noncommissioned officers, for 
whom the return to semiduty permitted some 
lesumption of the responsibility and authority 
which they had earned in service and wdiich 
while patients they could not enjoy The oppor- 
tunit}'- to identify themselves wuth the functions 
of the hospital, not solely as patients but also as 


contributors to its efficiency, at the same time that 
they were being reassured that their disease was 
“burning itself out” helped prepare them for 
return to more active duty or civilian life 

PROGNOSIS 

Of the greatest importance to both the Army 
and the individual patient is the question of 
prognosis In table 6 and figure 5 are presented 
data which indicate a decreasing rate of relapse 

In table 6 aie compared the number of clini- 
cal attacks experienced by the group of 72 men 
during two continuous periods of foui and one- 
half and five and one-half months in aieas where 
malaria w’as not endemic They w^eie selected 
foi this analysis because they had all left the 
ai ea w'hei e the disease w as endemic on the same 
day and w'eie under observation heie for the 
same period of time Following the period of 
three or six months in the area in w^hich the} 


Table 6 — Compat ison of Numbo of Attacks tn Aicas 
IJ'Itcic Malaria Was Not Endemic Before and 
After Admission to Hannon General Hospital 
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Total 72 


193 

101 

Mean attack per man 


20S 

1 40 

Probable error of mean 


0103 

0 075 

DilYcrcncc between means 


1 2S ± 

0129 

Mean attacks per man per j ear 


099 

303 


contracted malaria, they spent four and one-half 
months in a South Pacific area, wheie it was 
not endemic During this period there were, 
according to their own accounts, a total of 193 
clinical attacks, oi an average of 2 7 attacks per 
man (699 per man per year) Followung this^ 
they w^ere observed foi five and one-half months \ 
at Harmon Geneial Hospital During this 
period, one month longer than the previous one, 
they had a total of only 101 clinical attacks, oi 
an average of 1 4 per man (3 03 per man per 
year) Thus the fiequency of attacks decreased 
by approximately one half during this relatively 
short period of obseivation 

In figure 5, data aie presented on the late of 
relapse after the patients’ evacuation from the 
area where malaria was endemic in each of four 
convoys From 74 to 119 men w'^ere available 
for analysis of recuri ences during the first month 
following evacuation and from 54 to 80 men i 
during the last month of obsei vation The pei lod 
of direct observation at Harmon Geneial Hos- 
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pital averaged five and Ihi ee-tenths, five, three 
and one-half and one month for the four gi oups, 
respectively (table 2) The data for the pievi- 
ous months were obtained from the soldiei s’ own 
histones without supporting documents It is 
seen that in each group a striking drop has 
taken place m the percentage of men having 
malarial attacks These results confirm the clini- 
cal impiession gained from observation of the 
general appeal ance of the men that the disease 
IS dying out 

The diffeiences between the curves for the 
tour gioups (fig 5) point to difficulties that 
ina}' aiise in inteipietation of the relative efficacy 
of different modes of therapy m preventing 



MONTHS 

AFTER EVACUATION FROM ENDEMIC AREA 


Fig 5 — Monthly incidence of relapses following evac- 
uation from area where malaria was endemic The 
numbers of men available during eacli month for which 
tlie rate of relapse was calculated were as follows 


Group 
Amving on 


Months After Evacuation from Aren Where 
Malaria Was Endemic 

/ — — V 

1 2 3 4 5 6 7 89 10 11 12 


Aug 16 7i 74 74 74 73 05 54 

Sept 29 119 119 118 117 117 113 111 106 91 80 

Dec 2 104 104 104 104 104 102 102 102 98 89 81 69 

Eeb 15 85 85 85 85 85 85 85 85 77 77 77 55 


malarial relapses Foi example, in the sixth 
('month following evacuation from the area where 
the disease was endemic, the percentages of men 
having relapses were 18, 34, 59 and 74, lespec- 
tively, in the foui gi oups These variations may 
depend on differences in the natuie or amount 
of the original infection or infections, the natuie 
and amount of drugs used in treatment oi on 
othei factois in care These considerations sug- 
gest that studies of the efficacy of different drugs 


m preventing recurrences can be carried out 
most profitably shortly after the evacuation from 
the zone wheie malaria is endemic of large 
groups of soldieis with similar histones of ex- 
posuie, who are kept under the same coiiti oiled 
conditions of general care 

Although only 19 per cent of 124 men for 
whom data are available for twelve months had 
an attack dm mg the twelfth month after evacua- 
tion from the zone where the disease is endemic, 
few of them could be pronounced cured of their 
malaria An analysis of the longest inter val that 
had elapsed between known attacks during the 
twelve month period reveals that for 5 men 
(4 per cent) this maximum period without an 
attack Was only one month, for 22 men (18 per 
cent) only two months and for 45 men (36 
per cent) only three months In 4 men (3 per 
cent) attacks occurred after seven, eight or 
nine months of freedom from definite par oxysms 
At the twelve month point thei e -wei e only 9 men 
(7 per cent) who had been free of clinical 
attacks for six months or more It must be 
emphasized, however, that these figures deiived 
from a group of men evacuated primarily 
because of relapsing malaria cannot be used for 
prediction purposes on the oiiginal large group 
of soldiers infected overseas under similai con- 
ditions 

SUMMARY AND CONCLUSIONS 

The clinical manifestations of 421 attacks of 
vivax malaiia occurring m a group of 435 sol- 
diers evacuated from the South Pacific area have 
been studied 

The essential clinical features of the disease 
obseived were the pronounced tendency to re- 
lapse and the relative mildness of the acute 
attack 

Quinacrine hydrochloride was found to be an 
effective agent for prompt control of the clini- 
cal symptoms and for eradication of parasites 
fiom the blood 

Although most of the soldieis in the study 
had been evacuated because of the recurrent 
nature of their disease, evidence is presented to 
indicate that the late of relapse is decreasing as 
time goes on 

A program of rehabilitation was instituted 
■with great benefit to the development of physi- 
cal stamina and the i estoration of self confidence 
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The seaich for the ideal sulfonamide compound 
has directed our attention to sulfamethazine, the 
latest of the sulfonamide compounds Sulfa- 
methazine (2-sulfanilamido-4, 6-dimethylpynmi- 
dine) is the dimethjl homologue of sulfadiazine 
The few lepoits now in the liteiatme credit it 
with less toxicity than the sulfonamide drugs 
now 111 use Rose, Martin and Bevan ^ compaied 
the solubility of this compound and its acetyl 
'denvative with that of sulfapyiidine, sulfa- 
diazine and sulfathiazole Sulfamethazine nas 
found to be ten tunes more soluble m the free 
and five times more soluble m the acetylated 
foim than sulfadiazine Gilligan and Plummer - 
showed it to be the most soluble of all the sulfon- 
amide compounds m the varying range of urinary 
fijj in both its free and its acetylated form Clin- 
ical studies hare been made by Macaitney and 
his associates and othei s on the use of the drug 
m the tieatinent of pneumonia m adults and by 
Jennings and Patterson ® on its use for children 
These writers report that its theiapeutic effects 
are as good as those of the other sulfonamide 
drugs and its toxic effects fewer 

The following studies, made at Cook County 
Hospital during the season of 1943-1944, present 

From Cook County Hospital and Lo>ola University 
School of Medicine 

1 Rose, F L , Martin, A R , and Bevan, H G L 
Sulphamethazine (2-4'-Aminobenzenesulphonylamino-4 

'6-dimethyIpynmidine) New Heterocjclic Derivative of 
Sulfanilamide, J Pharmacol & Exper Therap 77 
127 (Feb) 1943 

2 Gilligan, D R , and Plummer, N Comparative 
Solubilities of Sulfadiazine, Sulfamerazine and Sulfa- 
methazine and Their Ni Acetyl Derivatives at Varying 
pH Levels, Proc Soc Exper Biol & Med 53 14 (June) 
1943 

3 Macartney, D W , Luxton, R W , Smith, G A , 
and Ramsey, W A Sulfamethazine in the Treatment 
of Lobar Pneumonia (Seventy-Two Cases), Lancet 1 
639 (May 30) 1942 

4 Peters, B A, and Easby, M L Pneumonia 
Treated with Sulfamethazine (Seventy-Seven Cases), 
Brit M I 2 230 (Aug 21) 1943 Pakenham-Walsh, 
R Pneumococcal Meningitis Recovery with Sulfa- 
methazine, Lancet l-‘649 (May 22) 1943 

5 Jennings, P A, and Patterson, W H Sulfa- 
-methazine Clinical Trials in Children, Lancet 2 308 
.(Sept 12) 1942 


obseivations on the absorption, distribution and 
excretion of sulfamethazine in human beings 
The fate of single doses of the drug vaiying in 
amount and admmisteied b) diffeient routes 
was studied 

SUBJECTS AND METHOD 

In the first part of the experiment patients with 
norma! gastrointestinal, hepatic and renal function and 
without acute infectious diseases were selected as ex- 
perimental subjects An intake of 3,000 cc of fluid in 
twenty-four hours was encouraged Records of intake 
and output were not kept routinely, but urinary specific 
gravity of 1015 or below was used as the index of 
sufficient intake of fluid 

Each patient recened a single dose of sulfamethazine 
differing either in amount or in method of administra- 
tion, or in both Single oral doses of 4, 3 and 1 Gm 
and intravenous doses of 5 and 3 Gm were given 
The latter were administered in a 5 per cent solution 
of the sodium salt in sterile distilled water For sub- 
cutaneous administration 3 Gm in 1,000 cc of isotonic 
solution of sodium chloride, a 0 3 per cent solution, 
was used The drug was administered intramuscularlv 
in the same concentrations as intravenously Speci- 
mens of blood and urine were collected at intervals of 
one-half, one and two hours for tlie first twelve hours 
and then dailj until the drug was excreted Values for 
free and total sulfamethazine were estimated for each 
specimen Whole blood was used for the determina- 
tions of the blood level 

In the second part of the experiment the effects on 
19 patients with pneumonia of continuous administra- 
tion of the drug were studied Alkali therapv was not 
used 

A ABSORPTION AND EXCRETION OF 
SULFAMETHAZINE 

1 RcsitUs of Single Dial Doses (tables 1 to 3) —4 
Analysis of the fate of a single 4 Gm oral dose 
(table 1) show's rapid absorption At one-half hour 
a value of 4 mg of free and 6 mg of total sulfameth- 
azine per bundled cubic centimeters of blood was 
reached The maximum, of 10 2 mg free and 11 3 mg 
total, was attained in two hours Ov’er the next eight 
hours the concentration gradually receded, becoming 
5 1 mg fi ee and S 2 mg total at the twelve hour period 
and 2 75 mg free and 3 5 mg total at twenty-four 
hours The percentage of acetylation varied between 
19 and 33 3 in the first twelve hours, 115 per cent 
being the average Subsequent values remained within 
these limits Urinary concentrations W'Cie much higher 
than those of the blood, and most of the drug was 
excreted in the first twenty-four hours The per- 
centage of acetylation varied between 18 and 66 8, 
the average in the first tw'elve hours being 45 per cent 
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Administration of the 3 Gm oral dose (table 2) 
illustrated experimentally something frequently observed 


Table 1 — Absoiption and E\c)eiion of a Single 4 Gm 
Oial Dose of Snlfamethamne 
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7 3 

13 0 

81 2 

99 0 

18 0 


10 

5 9 

05 

92 

95 0 

222 0 

57 2 


12 

5 1 

52 

19 

132 0 

398 0 

65 8 

12/2/43 

24 

2 75 

3 5 

21 4 

106 3 

247 2 

57 0 

12/3/43 

48 

0 94 

1 00 

11 5 

18S 

84 

77 0 

12/4/43 

72 

00 

00 

00 

2 72 

588 

5j b 

12/o/4o 

9b 

00 

00 

00 

00 

8 32 

100 0 


clinically, namely, unpiedictable vaiiations in individual 
patients In the patient represented in table 2 a value 


2 Results of Single Inti avenous Doses (tables 4 
and 5) — Within one-half hour after intravenous ad- 
ministration of 5 Gm of sulfamethazine m 100 cc of 
distilled water (5 pei cent solution) (table 4) the free 

Table 4 — Absoi ption and Es^cielton of a Single 5 Gm 
Inti avenous Dose of Sodium Sulfamethazine 
(5% Solution) 



Hours 



Per Cent 



Per Cent 


After 

Blood Levels 

of 

Uiine Levels 

of 


Adminis 


A 

Acetyl 



Acetyl 


/ 

^ 

t 


Date 

tration 

Free 

Total 

ation 

Free 

Total 

ation 

12/ 1/43 

% 

27 2 

31 0 

12 3 




1 

23 1 

29 0 

20 3 

14 5 

15 5 

6 0 


2 

16 7 

19 0 

121 

107 0 

200 0 

46 0 


4 

20 8 

22 7 

84 

62 0 

91 0 

31 9 


6 

20 0 

22 7 

110 

100 0 

206 0 

51 5 


8 

20 4 

23 1 

117 

104 0 

115 0 

90 


10 

12 8 

14 65 

12 6 

1210 

323 0 

62 5 


12 

10 8 

11 1 

27 

120 0 

323 0 

02 8 

12/2/43 

24 

57 

68 

16 2 

168 0 

400 0 

53 0 

12/3/43 

48 

1 4 

1 5 

67 

84 

23 0 

54 4 

12/4/43 

72 

0 

0 42 

lOOO 

9 44 

38 8 

i5 7 

12/5/43 

96 




0 

16 48 

ICOO 


Table 2 — Absoi ption and E\cietion of a Single 3 Gm 
Dial Dose of Sulfamethazine 



Hours 



Per Cent 



Pei Cent 


After 

Blood Ley els 

of 

Uiine Levels 

of 


Adminis 

A 


Acety 1 

K. 


Acetyl 



V 

f 


Date 

tration 

Flee 

Total 

ation 

Free 

Total 

ation 

12/ 0/4o 

y. 

72 

73 

1 4 

80 

13 2 

39 4 


1 

101 

10 2 

1 0 

19 2 

20 0 

25 2 


2 

10 5 

12 2 

13 9 

10 3 

18 4 

14 0 


4 

10 3 

112 

80 

23 0 

43 5 

47 4 


5 

8 5 

11 5 

26 1 

24 0 

45 0 

46 7 


8 

58 

89 

34 8 

21 2 

45 0 

52 9 


10 

53 

86 

39 5 

10 8 

29 2 

42 5 


12 

6 35 

84 

34 4 

18 4 

03 0 

70 8 

12/ 7/43 

24 

0 93 

1 95 

52 3 

19 0 

44 0 

50 8 

12/ 8/43 

48 

0 74 

1 7 

50 5 

0 

10 0 

lOOO 

12/ 9/43 

72 

0 12 

0 34 

64 7 

384 

13 28 

71 1 

12/10/43 

90 

0 

0 


0 

0 



that is ordinarily considered a therapeutic level was 
attained in the sui prising time of one-half houi — 7 2 
mg of free and 7 3 mg of total sulfamethazine At 
one and foui hours the levels were 10 1 mg and 10 3 
mg flee and 10 2 mg and 112 mg total i espectively, 
with giadual lecession as noted, only a trace remain- 
ing at the seventi''-two hour period The average per- 
centage of acetylation in the first twenty-four houi s was 
18 6 in the blood and 46 3 in the urine 
After the 1 Gm oral dose (table 3) these values of 
acetylation weie doubled, reaching an average of 35 5 
per cent in the blood and 82 4 pei cent m the ui me 

Table 3 — Absoi ption and Exaction of a Single 1 Gm 
Oial Dose of Sulfamethazine 


Hours 

After Blood Levels 



Adminis 

r — 

^ 

Date 

tration 

Free 

Total 

12/3/40 

% 

1 56 

182 


1 

2 02 

3 1 


0 

2 82 

4 72 


4 

288 

5 86 


6 

4 98 

5 20 


8 

3 28 

380 


10 

0 42 

1 25 


12 

0 62 

1 18 

12/4/43 

24 

0 

0 

12/5/43 

48 




Per Cent 



Per Cent 

of 

Urine Levels 

of 

Acetyl r 


, 

Acety 1 

ation 

Free 

Total 

ation 

14 3 

0 96 

48 

80 0 

34 8 

104 

10 64 

90 2 

40 3 

250 

12 50 

79 6 

50 9 

0 90 

50 

82 9 

42 

10 90 

38 32 

71 4 

15 0 

9 20 

506 

81 8 

667 

0 90 

816 

88 3 

47 5 

3 76 

73 2 

94 9 


1 52 

7 30 

79 3 


0 

20 56 

100 0 


> The blood level showed a slower rise, to the peak 
level of 4 98 mg free and 5 2 mg total at six hours 
There was a fairly rapid decline, with complete elimi- 
nation in twenty-four hours 


diug level was 27 2 mg and the total 31 mg At the 
end of twelve hours 10 8 mg fiee and 111 mg total 
lemained m- the blood The twenty-four hour levels 
were 5 7 mg free and 6 8 mg total Table 5 shovys 

Table 5 — Absoi ption and Exetehon of a Single 3 Gm 
hit! avenous Dose of Sodium Sulfamethazine 
(5% Solution) 


Houis 

After Blood Levels 
Admmis , , 


Date 

tration 

Free 

Total 

12/ 0/43 

% 

119 

12 6 

1 

10 0 

10 9 


2 

10 6. 

10 7 


4 

83* 

10 4 


6 

93 

10 0 


8 

38 

61 


10 

61 

7 15 


12 

70 

70 

12/ 7/43 

24 

39 

40 

12/ 8/43 

48 

05 

2 28 

12/ 9/43 

72 

0 08 

0 56 

12/10/4 , 

90 

0 

0 


Per Cent 



Per Cent 

of 

Urine Levels 

of 

Acetyl , 

A 

\ 

Acetyl 

ation 

Free 

Total 

ation 

50 




83 

32 8 

40 0 

ISO 

09 

10 8 

24 0 

30 0 

20 2 

14 8 

35 0 

539 

70 

17 0 

38 8 

54 9 

37 7 

27 2 

35 6 

210 

14 7 

24 0 

26 8 

10 4 

0 

16 8 

24 4 

31 1 

25 

38 8 

70 8 

45 2 

78 1 

0 39 

40 

90 1 

So 7 

5 12 

20 5 

751 


0 

0 



parallel results The percentage acetylation values in 
the blood and the urine were within the same range as 
those which have already been discussed Higher con- 
centrations were noted at the six hour period than at the 
four hour period This fact may possibly be due to 
loss of some of the drug in the preparation of the pro- 
tein-free filtrate 

3 Results of Single Subcutaneous Infusions (table 6) 
— Three Gm of sodium sulfamethazine was given m 
a 0 3 pel cent solution of sodium chloride (table 6) 
Blood levels were determined at one-half houi inter- 
vals during the three hour period of infusion and at 
two hour intervals for a twelve hour period afterward 
In tw'O hours the concentration of the drug in the 
blood was 6 1 mg per hundred cubic centimeters free 
and 6 5 mg total , it reached a peak in three and one- 
half hours of 112 mg free and 114 mg total and 
dropped to 4 mg free and 4 3 mg total at the twent> - 
four hour period The percentage of acetylation was 
somew'hat lower than after oral administration The 
range varied from 17 per cent to 18 3 per cent, the 
average m the first six hours being 7 2 per cent and 
in the twenty-four hour period 9 3 per cent The blood 
was free of the drug m seventy-two hours, but excre- 
tion continued thiough a one hundred and twenty hour 
period 



Table 6 — Absoiphon aiid EAcietion oj a Single 3 Giu 
Subcutaneous Injection of Sodium Sulfamethaaiiie 
(03% Solution) 


Per Cent Per Cent 

Blood Levels of Urine Levels of 


'lime. 

Hours 

Pree 

.A 

Acetyl 



Acety 1 

Total 

ntion 

Pree 

Total 

ntion 


2 5 

27 

74 





1 6 

4 2 

14 3 




2 

61 

66 

61 

4 0 

11 2 

64 3 

2% 

63 

68 

7 a 

64 0 

660 

181 

3 

86 

94 

96 




3% 

11 2 

11 4 

1 7 




4 

11 2 

116 

26 

39 0 

84 0 

53 5 

6 

10 8 

11 9 

91 

102 0 

109 0 

6 4 

8 

10 0 

no 

90 

124 0 

214 6 

421 

10 

87 

10 0 

13 0 

112 0 

207 0 

45 0 

12 

76 

94 

18 3 

105 0 

119 0 

11 8 

14 

70 

84 

16 6 

140 0 

142 0 

14 1 

24 

4 0 

43 

70 

78 0 

168 0 

606 

48 

10 

1 4 


11 0 

35 0 


72 

0 

0 


20 

13 4 


96 




0 

76 


120 




0 

10 8 



4 RlsuIIs of Single Inti amusciilar Injection (table 7) 
— 1 hree grams of sodium sulfamethazine in a 5 per cent 

Table 7 — Absoiptwn and E\ action of a Single 3 Gin 
Intramusculai Injection of Sodium Sulfamethaainc 
(5% Solution) 


Pime, 

Blood Levels 

A 

Per Cent 
of 

Acety] 

Urine Levels 
» 

Per Cent 
of 





Aeetyl 

Hours 

Pree 

Total 

ation 

Free 

Total 

ation 

1 

1 0 

16 

40 

80 

17 2 

63 4 

1% 

34 

52 

34 6 




2 

5 4 

74 

32 4 

48 0 

146 0 

671 

4 

4 7 

64 

28 0 

530 

1210 

66 2 

6 

34 

5 8 

413 

41 0 

166 0 

73 7 

8 

20 

47 

67 4 

660 

285 0 

808 

10 

1 4 

36 

600 

41 0 

255 0 

80 0 

12 

1 2 

34 

650 

26 5 

200 0 

867 

24 

0 

04 

100 0 

84 

248 0 

96 6 

48 

0 

0 


0 

0 



Table 8 — Effects of Continued Dial Admtmshalwn of Sulfamcthaainc Dosage Schedule 4 Gin Initially and 

1 Gin Everv Fotii Homs 


Case 1 J C hospital no 43 34910, a white 
man CO yr old type III HML pneumonia 
tot il dnit retened 34 Gm afchrilc course 


Case 2 E L hospital no 43 35519, a 49 
year old white man type VIII BLL pneu 
monia, total drug rccci\cd 55 Gm febrile 
hr 32 




Case 3 IL S , hospital no 43 35G90 a 2<i 
year old colored woman with tjpe MI 
LLL pneumonia total drug recehed 23 
Gm febrile hr 23 


Case 4 EL, hospital no 43 3b3So a lO 
year old man with tjpc II RML pneu 
monia admitted with delinum tremens 
total drug received 32 Gm febrile In ,4 


Case 5 MS, hospital no 43 30472, a 32 
year old colored man witli tjpe I HI I 
pneumonia total drug recened 20 Gm 
febrile hr S3 


Case CAR hospital no 43 35703, a 28 
year old colored man with Staphylococcus 
aureus RLL pneumonia, total drug re 
ceived 26 Gm , febrile hr 3G 


Case 7 CL, hospital no 44 3889, a 26 jear 
old colored woman with type I RML and 
;^L pneumonia total drug received 54 
Gm febrile hr 72 


Blood I-evels 


Date 

Pree 

Total 

7/29/43 

Drug started 

V. hr 

0 

1 1 

1 hr 

44 

4 9 

2 hr 

10 8 

121 

7/30/43 

16 4 

18 3 

7/31/43 

16 7 

16 7 

8/ 2/43 

84 

9 5 

8/ 3/43 

4 25 

98 

8/ 4/43 

58 

64 

8/ 0/43 

0 

0 

7 / 0 I /43 

Drug started 

8/ 2/43 

19 8 

212 

8/ 3/43 

69 

97 

8/ 4/43 

94 

11 5 

8/ 5/43 

53 

76 

8/ 6/43 

35 

50 

8/ 9/43 

Drug stopped 

8/10/43 

80 

84 

8/ 2/43 

Drug started 

8/ 3/43 

12 0 

131 

8/ 4/43 

14 9 

18 5 

8/ 5/43 

66 

13 0 

Drug stopped 

8/ 5/43 

Drug started 


1 hr 

4 6 

48 

2 hr 

76 

81 

8/ 0/43 

13 8 

14 9 

8/ 9/43 

98 

11 4 

8/10/43 

11 65 

12 0 

Drug 

Stopped 

8/ 6/43 

Drug started 


15 min 

42 

51 

%hr 

44 

5 1 

1 hr 

5 0 

62 

8/ 7/43 

30 

99 

8/ 9/43 

94 

18 4 

8/10/43 

82 

12 35 

Drug 

stopped 

8/ 2/43 

Drug started 

8/ 4/43 

12 2 

294 

8/ 5/43 

89 

20 4 

8/ 6/43 

51 

16 3 

Drug stopped 

1/27/44 

6 68 

13 7 

1/28/44 

27 

71 

1/31/44 

32 

8 5 


Pci Cent 


of 

\cetyl 

ntion 

Urine Levels 



/ 

Free 

Total 

100 0 

10 0 

0 

07 

10 7 

11 4 

32 0 

216 0 

60 

114 

280 0 

950 0 

51 0 

94 

185 0 

277 0 


12 0 

19 4 

66 

224 0 

334 0 

280 

18 3 

128 0 

196 0 

32 6 

73 0 

94 2 

30 0 

896 

128 8 

4 8 

84 

19 5 

424 0 

464 0 

509 

57 2 

94 2 

4 2 

6 2 

74 

69 2 

856 

14 0 

29 

16 6 

1 2 

28 

13 7 

17 4 

47 2 

54 0 

69 7 

632 

74 2 

48 9 
336 

58 5 

860 

214 0 

66 4 
687 

74 8 

101 2 


01 2 
62 0 
C2 4 


Per Cent 

Urine 


A 

Ui f~ 

Acetyl 

SpeeiflL 

ntion 

Pii Gravity 


1000 

80 

1021 

852 

80 

1018 


60 


70 5 

50 

1 020 

33 2 

60 

1021 

381 

60 

1 013 

330 

70 

1005 


80 

1007 

84 7 

80 

1007 

22 5 

50 

1 009 

30 4 

50 

1 008 


70 

1006 


86 

50 

1015 

>25 

50 

1 009 


19 2 

80 

1009 


70 

1018 


70 

1010 


571 

40 

1015 

12 6 

14 8 

40 

1 Dll 


o9S 

50 

1 010 

261 


60 

1016 


50 

1 013 


60 

1010 


Cases P B , hospital no 44 4275 a 44 year 
old colored man with type V RUL and 
RML pneumonia complicated by toxic 
hepatitis nephritis and pencarditis, icteric 
index 37 total drug receiyed 70 Gm 


1/31/44 
2/ 1/44 
2/ 3/44 
2/ 5/44 
2/ 7/44 
2/ 8/44 
2/11/44 


2/10/44 


Drug started 

11 4 22 1 

48 4 

Manj granular casts 

8 4 17 4 

51 7 

Occasional cast 

7 2 10 3 

30 1 

Occasional en't 

37 75 

oO 7 

Occasional east 

32 85 

62 4 

Occasional cast 

2 97 4 3 

30 9 


Drug stopped 

0 16 

100 0 



4 5 1 017 

4 5 1 016 

5 0 1 016 

4 5 1 003 

50 1 020 

5 0 1 016 

5 5 1 013 
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solution of sodium chloride was given inti amuscularly 
Within two hours the blood contained 5 4 mg free and 
7 4 mg total drug per hundred cubic centimeters This 
lias the peak level, following which there was a rapid 
fall, with complete excretion of the drug by the end 
of twenty-four hours This was a much lower con- 
centration than that following administration by other 
loutes Acetylation closely paralleled that following 
the single 3 Gm oral dose, 28 per cent being the aver- 
age in the first six hours and 47 per cent the average 
in twenty-four hours, the range was 4 to 100 per cent 
5 Results of Multiple Doses (tables 8-10) — ^Nine- 
teen patients with pneumonia were treated with sulfa- 


morning dose The specimens from patients on the 
six hour schedule were obtained three to four hours 
after the last morning dose At times variations in 
blood level occurred in patients m the same groups 
and m the same patient on different days In geneial, 
a higher concentration was maintained during the first 
few days, and this was followed by a drop to a level 
which remained constant as long as the drug continued 
to be administered 

The fall m blood level noted in patients with 
pneumonia may have been due to fluid balance, 
howevei, as this factoi was kept fairly constant. 


Tvble 9 — Effects of Conhmied Oial Admimstiaiion of Sulfamethasme Dosage Schedide 3 Gm Imtxalh and 

1 Gm Every Six Hows 


Case 9 M T , hospital no 43 44055, a 25 
year old colored woman with atypical 
pneumonia in LLl/, total drug receued 
25 Qm , lebrilo hr 47 


Cose 10 M S , a 26 year old white woman 
with LLL pneumonia, total drug received 
17 Gm , febrile hr 5G 


Case 11 B J , hospital no 43 47247, a 60 
year old white woman with BML pnou 
monla, patient had a toxic thyroid, auric 
ular flutter occuned during the course of 
infection and subsided spontaneously, 
total drug received 18 Gm , febrile hr 24 
BMH, plus 43 

Case 12 W G , hospital no 43 42749, a 54 
year old colored man with type VII RUL, 
R.31L and BLL pneumonia and bacter 
emia total drug received 20 Gm febrile 
hr 38 


Case 13 HD, hospital no 44 6836 a 31 
year old Indian with type VII RUL, BJIL 
and BLL pneumonia and bacteremia 
total drug received 22 Gm orally and 
3 Gm mtrar enously seven febrile days 





Per Cent 



Per Cent 


Urine 


Blood Levels 

of 

Urine Ley els 

of 

i 

— ^ , 


JL 


Acetyl 


A 



Specific 


/ 

s 

/ ■ ■ ■ ■ ■ ■ 

V 

,/lLU Lyi 


Date 

Free 

Total 

ation 

Pree 

Total 

ation 

Pn 

Gravity 

9/27/43 

Drug started 







%hr 

185 

185 

0 






1 hr 

10 75 

10 8 

46 






2 hr 

13 5 

14 8 

88 

38 8 

54 4 

28 7 



3 hr 

15 4 

16 6 

72 

22 4 

24 8 

97 



5 hr 

14 2 

16 3 

17 2 

69 2 

95 6 

27 6 



7 hr 

15 0 

17 2 

12 8 

160 0 

276 8 

46 0 



9/28/43 

14 4 

17 0 

15 3 






9/29/43 

15 5 

17 0 

88 

454 0 

512 4 

114 

40 

1011 

9/30/43 

14 6 

17 9 

18 4 

146 0 

240 0 

39 3 

50 

1 on 

10/ 1/43 

77 

121 

36 4 

200 0 

329 0 

39 2 

40 

1 010 

10/ 4/43 

192 

2 48 

22 6 

16 8 

288 

417 

60 

1 on 

10/ 6/43 

0 

0 


0 

0 


70 

1 010 

9/19/43 

Drug started 







9/20/43 

30 

a 4 

44 4 




50 

1014 

9/21/43 

154 

396 

61 1 




80 

1 010 

9/22/43 

17 

41 

53 a 




80 

1006 

9/23/43 

Drug stopped 







10/18/43 

Drug started 







10/19/43 

87 

111 

21 6 




50 

1013 

10/20/43 

98 

10 8 

93 




5 a 

1 009 

10/21/43 

10 2 

13 0 

215 






10/22/43 

79 

92 

14 1 




60 

1010 

10/23/43 

Drug stopped 







10/25/43 

0 

1 55 

100 0 




4 0 

1009 

9/18/43 

Drug started 







15 mm 

314 

32 

19 






■Vahr 

322 

3 42 

58 

8 72 

10 64 

18 0 

50 

1025 

45 nun 

366 

4 38 

16 4 






Ihr 

4 36 

4 94 

117 






2 hr 

468 

506 

75 






3 hr 

484 

5 40 

10 4 






4 hr 

70 

88 

20 6 






5 hr 

72 

91 

20 9 






6 hr 

7 5 

91 

17 6 






7 hr 

64 

81 

210 






0/20/43 

65 

13 4 

51 5 

105 2 

116 6 

98 

a 0 

1 019 

9/21/43 

141 

17 0 

171 

132 4 

295 2 

638 

65 

1 010 

9/22/43 

81 

9 5 

14 7 

77 2 

100 0 

27 2 

4 5 

1 011 

9/23/43 

78 

87 

10 3 

75 4 

100 4 

219 

GO 

1 013 

9/24/43 

07 

10 0 

49 0 







Drug stopped 







9/27/43 

04 

00 

55 6 

32 

96 

06 7 

50 

1 012 

2/16/44 

Drug started 







2/18/44 

20 

52 







2/19/44 

0 

13 








200, 000 units type VII scrum, urticaria reaction 



2/20/44 

Blood culture positive, 3 Gm intravenously 




2/21/44 

49 

57 

14 0 




4 5 

1 005 

2/22/44 

1 1 

30 

00 3 




50 

1 009 

2/23/44 

19 

40 

72 5 




60 

1 009 

2/25/44 

0 

29 

100 0 




50 

1 009 


methazine for different periods of time and on the follow- 
ing schedules of dosage group 1, 4 Gm as the initial dose 
and 1 Gm every four hours (table 8) , group 2, 3 Gm 
as the initial dose and 1 Gm every six hours (table 9) , 
group 3, 3 Gm as the initial dose and 1 Gm every 
eight hours (table 10) The concentrations of the 
drug m the blood and m the urine of patients in each 
gioup were estimated daily The time of collection of 
the specimens of blood and urine could not be kept con- 
stant With the four and eight hour schedules the speci- 
mens were collected one to two hours after the last 


It seems most plausible that a fall in blood level 
occurred with lessening of the infection, as was 
indicated by the concomitant improvement of 
the patients Is fever a possible factor in in- 
creasing absorption of the drug? It is known 
from laboratory experiments that the speed of 
any chemical reaction is increased with heat 
Weight and sex are factors which may modify 
the action of drugs No difference w^as noted 
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between men and women m this shoit senes 
Records of weight were not kept, but our im- 
pression IS that it IS a negligible considei ation 
A definite influence m the absorption and 
excretion of the diug is the state of the kidneys 
(table 11) Our patients with toxic nephritis, 
as shown by an elevated level of nonprotein 
nitrogen and at times of creatinine, absorbed the 
drug as readily as the others but showed a 
higher percentage of acetylation The level of 
the conjugated drug varied from 213 to 64 1 
per cent, with an average of 50 pei cent, in 
these patients 


product In this study two different shipments 
of sulfamethazine were used, one in 1943 and 
the other in 1944 This fact is mentioned because 
of the marked difference in average concentia- 
tions in the blood obtained with the two lots 
The average level of free diug obtained m 1943 '' 
from patients on the four, six and eight houi 
schedules was 12 8, 91 and 8 4 mg respectively 
per hundred cubic centimeteis of blood The 
level obtained in 1944 was 5, 4 5 and 4 1 mg 
Thus the values for 1944 were one-half to one- 
third lowei than those for 1943 The leasons 
for this are not apparent From a clinical stand- 


Table 10 — Effects oj Continued Oral Adininisti ation oj Sulfamethazine Dosage Schedule 3 Cm Initially and 

1 Gm Evciy Eight Homs 





Pel Cent 



Per Cent 


Urine 



Blood I cjols 

of 

Urine Levels 

of 

/• “ " ■ — ■ 

-A 



, ^ ^ 

Acetjl , 

Aw. 


4cctvl 


Specific 


Date 

Free Total 

ation 

Free 

Total 

ation 

Pn 

Gravitj 

Case 14 C , hospital no 43 44445, a 10 

9/30/43 

Drug started 







jear old white woman with LLL pneu 

% hr 

85 87 

23 






monia of undetermined eauso total dniL 

1 hr 

92 98 

61 

13 2 

18 4 

28 3 



receiicd 21 Gm febrile dajs 

o hr 

11 9 15 2 

21 7 

30 0 

35 0 

15 7 




5 hr 

15 0 17 2 

93 

34 0 

48 4 

29 8 



* 

7 hr 

15 6 18 2 

14 8 

64 8 

94 0 

41 7 




9 hr 

17 0 18 6 

8 0 

388 

52 4 

26 0 




10/ 1/43 

12 1 15 0 

19 3 

151 2 

284 0 

40 8 

SO 

1011 


10/ 4/43 

10 3 12 4 

10 9 

194 0 

210 4 

10 4 

50 

1 014 


10/ 5/43 

9 3 10 9 

14 7 

206 0 

302 0 

io 1 

50 

1 014 



Drug stopped 







Case 15 E K hospital no 44 45C1 a O' 

1/31/44 

Drug started 







year old colored man with type III RI i 

2/ 3/44 

10 1 19 2 

47 4 




4 5 

1 020 

pneumonia, total drug received 20 Gm 

2/ 5/44 

4 2 11 7 

64 1 




4 0 

1 021 

febrile hr 72, NPN 85 creatinine 2 7 BC 

2/ 0/44 

Drug stopped 







on admission 2,100 with 71% polymorjiho 

2/ 7/44 

0 0 2 8 

78 0 




80 

1 011 

nuclear neutrophils, rose to 8 300 on 









therapj 









Case 10 L B hospital no 44 4138, a 30 

1/28/43 

Drug started 







jear old colored man with tjpo ^^II 

1/31/43 

25 oO 

58 3 




jO 

1013 

RLL pneumonia total drug recened 11 

2/ llio 

34 4 0 

20 1 




4 5 

1 Olo 

Gm 4 febrile dajs 

2/ 3/43 

23 o7 

o7S 




80 

1 012 



Drug stopped 







Case 17 O A hospital no 44 4351 a 43 

1/30/44 

Drug started, 3 Gm intrajcnouslj 





jear old colored man with tjpe III RLI 

2/ 1/44 

30 09 

50 5 




tO 

1 005 

and RML pneumonia total drug received 

2/ 3/44 

25 32 

21 9 




4 5 

1 006 

13 Gm orallj and 3 Gm intravcnouslj 

2/ 4/44 

Drug stopped 







febrile hr 57 

2/ 5/44 

0 06 

100 0 






Case 18 B G hospital no 44 4991, a 3<i 

2/ 3/44 

Drug started 







year old colored man with type VIII RLL 

2/ 7/44 

33 4 0 

28 3 






and LLL pneumonia, total drug recoijod 

2/ 8/44 

9 2 10 1 

89 






41 Gm orallj and 0 Gm intravenouslj 

2/11/44 

4 4 60 

33 S 




5 5 

1 013 

8 febrile days 

2/14/44 

4 7 5 5 

14 5 




6 5 

1014 

1 

2/15/44 

53 60 

54 




GO 

1 019 



Dnig stopped 







Case 19 H L , hospital no 44 5048, a 40 

2/ 3/44 

Drug started 







year old colored man with RLL pneu 

2/ 7/44 

4 3 4 3 

0 




4 5 

1 020 

moma of undetermined cause NPN 46 

2/ 8/44 

58 04 

9 4 




6 0 

1019 

total drug received 31 Gm febrile hr 98 

2/10/44 

Drug stopped 








2/11/44 

2 97 3 0 

10 




5 0 

1 019 



Table 11 — Absorption in Toxic Ncphntis 




Blood Ixivels 

Per Cent 

Nonprotein 

r 


1 

of 

Nitrogen 

Creatinine 

Free 

Totals 

\cetjlation 

67 

22 

3 2 

70 

54 3 



96 

12 2 

21 3 

80 


114 

22 8 

50 0 



84 

17 4 

51 6 

85 

27 

101 

19 2 

47 4 



4 2 

11 7 

64 1 

92 

5 1 

89 

20 4 

563 


1 5 

9 3 

22 9 

59 3 



90 

15 8 

45 5 


Another factoi, which may not oidinanly have 
to be considered, is the lack of a standardized 


point the lesults in 1944 weie as good as those 
in 1943 The patients treated in 1944 had in- 
fections that were in some respects more severe, 
which would indicate even better results 

In the light of increasing experience the 
necessity of daily determinations of blood levels 
of clinical patients may be reasonably questioned 
We regard 7 to 10 mg per hundred cubic centi- 
meters of blood as a therapeutic level, but we 
know that many infections respond clinically on 
lower levels and that many fail to respond to ^ 
consistently high levels It would seem sufficient 
to limit calculations of diug levels to those 
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patients who do not make a i espouse in forty- 
eight to seventy-two hours — those with com- 
plicating diseases which may hinder good absorp- 
tion and those with overwhelming infections 

Peicentage acetylation vaiied so greatly m 
both the blood and the urine that average values 
are of little significance In general the per- 
centage was much highei in the mine than in 
the blood At no time^weie any crystals of 
sulfamethazine noted in the urine ® Because 
of shortage of personnel the twenty-foui hour 
urines could not be collected and the peicentage 
of total daily excietion calculated 

B DISTRIBUTION OF SULFAMETHAZINE IN 
VARIOUS BODY FLUIDS (TABLES 
12 AND 13) 

1 Cciebiospinal Flmd (table 12) — Sulfamethazine is 
readily absorbed m the cerebrospinal fluid, reaching an 
average concentration of 42 4 per cent of the blood 


Table 12 — Suliamethasme ConcenbaUon in Vaiious 
Body Fluid 1 




Per Cent 



Per Cent 


Blood 

of 

Spinal Fluid 

of 

Per Cent 


1 





of 







Free 

Total 

ation 

Free 

Total 

ation 

Blood 

30 

119 

617 

59 

7 8 

23 1 

196 6 

Taken 

3 hr after 3 Gm intravenously 




40 

40 

0 

16 

20 

20 0 

40 

80 

17 0 

52 9 

40 

55 

27 3 

50 

27 

59 

54 2 

07 

07 

0 

26 

28 

06 

57 6 

1 5 

21 

286 

535 




53 

10 5 

49 5 



Blood 



Gastric Juice 


73 

94 

22 3 

13 

1 6 

18 8 

18 

0 9 

37 

75 7 

0 

76 

100 0 


80 

92 

13 0 

44 

56 

214 

55 


Blood 



Pleural Fluid 


73 

94 

22 3 

5 2 

13 0 

567 

71 




98 

13 4 

20 9 



level, with a range between 26 and 53 5 pei cent For 
1 patient, for whom figures were not included m the 
average, a concentration in the spinal fluid twice that 
in the blood was obtained This phenomenon has been 
reported by others ^ The percentage of acetylation was 
much less in the spinal fluid, about half that in blood 
taken at the same time 

2 Gastiic Juice (table 12) — In 2 patients there was 
concentration in the gastric juice equal to 18 and 55 
per cent respectively of the concentration in the blood 
In a third patient no free drug was absorbed into the 
gastric secretion and the total value was 7 6 mg The 
percentage of acetylation varied and was either highei 
or lower than that of the blood 

3 Pleural Fluid (table 12) — For only 1 patient was 
there an opportunity to determine the ratio of absorp- 
tion into the pleural fluid to absorption into the blood, 
and this was 71 per cent 

4 Fractionated Blood Levels (table 13) — Simulta- 
neous concentrations were done on whole blood, plasma 
and erythrocytes of 8 patients who were receiving mul- 

, 6 Lehr, E, and Antopol, W Typical Urinary 

Crystals of Three Sulfanilamide Derivatives Produced 
in vitro. Science 94 282 (Sept 19) 1941 Sulfonamides 
and the Renal Tract, editorial. Lancet 1 651 (May 22) 
1943 


tiple doses The concentration in the plasma was much 
higher than in the whole blood The concentration in 
the red blood cells was much lower than that re- 
ported for sulfamerazme and sulfadiazine, varying from 
0 to 1 5 mg per hundred cubic centimeters 

Table 13 — Fiactionated Blood Levels 


Whole Blood Plasma Red Blood Cells 




Per 



Per 



Per 




Cent 



Cent 



Cent 

Vol 



Acetyl 



Acetyl 



Acetj 1 

per 

Free 

Total ation 

Free 

Total ation 

Free 

Total 

ation 

Cent 

84 

95 

11 6 

212 

231 

82 

0 



387 

4 8 

98 

510 

80 

15 0 

46 7 

05 

165 

69 7 

43 6 

19 8 

212 

66 

232 

25 0 

72 


Trace 


41 1 

69 

97 

28 9 

9 75 

13 5 

278 

05 

1 25 

600 

35 1 

12 0 

131 

84 

14 1 

17 1 

17 5 

0 

0 


34 8 

10 3 

12 4 

16 9 

13 3 

15 8 

15 8 

1 5 

1 96 

23 5 

34 8 

15 5 

17 0 

88 

21 6 

24 6 

12 2 

0 

0 


Jo 2 

78 

87 

10 3 

10 5 

10 7 

19 

05 

0 76 

34 2 

36 2 


COMMENT 

Compaimg these results with the studies of 
Muiphy and co-workers'^ and with our own 
observations on sulfamerazme,® we observed that 
sulfamethazine is absorbed from the gastrointes- 
tinal tract moie rapidly than sulfamerazme and 
just as completely Adequate concentrations in 
the blood are maintained with the same schedules 
of dosage as for sulfamerazme 

The parenteial routes of administration gave 
expected lesults Intiavenous injection produced 
immediate high concentiations, subcutaneous in- 
jection induced a blood level m thiee hours equal 
to that obtained m one hour by oial ingestion 
Administration by the intramuscular loute re- 
sulted in rapid but less complete absorption 
Regardless of the type of parenteial administra- 
tion, after the thiee hour period the deci eases 
in concenti ation of sulfamethazine m the blood 
ran paiallel (chart) 



Absorption of sulfamethazine following a single 3 
Gm dose (oral administration, solid line, intramuscu- 
lar [5 per cent solution], dash line, subcutaneous [0 3 
per cent solution], dotted line, intramuscular [5 per 
cent solution], dot and dash line) 


7 Murphy, F D , Clark, J K , and Flippin, H F 
Studies on 2-Sulfanilamide-4-Methjlpynmidme (Sulfa- 
merazme, Sulfamethvldiazine) in Man Absorption, 
Distribution and Excretion, Am J M Sc 205 717 
(May) 1943 

8 Volmi, I F , Engbnng, G M , and Schorsch, 
H A Sulfamerazme Studies on Absorption, Dis- 
tribution, Excretion and Toxicity with Clinical Appli- 
cations, Proc Chicago Soc Int Med , No\ 22, 1943 
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Sulfamethazine penetiates as readily into body 
fluids as do sulfamerazine and sulfadiazine The 
late of excretion of sulfamethazine is about the 
same as that of sulfadiazine and somewhat more 
rapid than that of sulfameiazine It is at its 
maximum in the fiist twenty-four hours 

The percentage of acetylation in the blood 
\aiies, average values are slightly higher than 
those observed for sulfamerazine The per- 
centage of conjugation m the urine is much 
higher than that m the blood, as is generally 
observed for all the sulfonamide compounds 
There were no unfavorable reactions to the 
diug in this senes No crystalluria was observed 
The complete lack of urinary complications is 
explained by the greater degree of solubility of 


sulfamethazine in its fiee and acetylated toims 
in the entile range of urinaiy 

SUMMARY 

The absoiption, distribution and excietion of 
sulfamethazine were studied after single doses 
were administered to patients with nonmfectious 
diseases and multiple doses to patients with 
pneumonia 

Like sulfamerazine, sulfamethazine is efifective 
in smaller and fewer doses than sulfadiazine 
It IS more readily absorbed and maintains levels 
equal to those of sulfamerazine 

No unfavorable leactions to the drug occurred 

30 North Michigan Boulevard 

4753 Broadway 

6005 Irving Park Road 


OCCLUSION OF THE HEPATIC VEINS 
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Occlusion of the hepatic veins apparently may 
be caused by disease of the veins themselves or 
may occur secondarily to inflammatory, cirrhotic 
or neoplastic changes m the liver, thrombosis m 
the neighboring vena cava, polycythemia vera 
01 debilitating disease in which the circulation is 
slowed The obstruction is usually due to throm- 
bosis, but some investigators have expressed the 
view that it is developmental 

Occlusion of the hepatic veins leads to con- 
gestion and atrophy of the livei Usually the 
region of congestion is not large enough to pro- 
duce recognizable symptoms If symptoms do 
arise they usually are masked by the more pro- 
found changes of the primary disease Rarely, 
the process is sufficiently disturbing and encom- 
passing to produce poital hypertension and even 
hepatic failure The syndrome may develop 
slowly or rapidly The outstanding clinical fea- 
tures are pain in the uppei part of the abdomen 
and the back, an enlarged tender liver with latent 
01 mild jaundice, an enlarged spleen, well devel- 
oped collateral ciiculation and ascites (portal 
hypertension) The disturbance of hepatic func- 
tion IS marked Thrombosis of the hepatic veins 
may be followed by thrombosis of the portal and 
mesenteric veins and infarction of the bowel 
Hepatic coma, rupture of esophageal varices, 
carcinoma or intercurrent infection is the im- 
mediate cause of death 

Occlusion of the hepatic veins is also known 
as endophlebitis obliterans hepatica and Chian’s 
disease Budd ^ is credited with reporting the 
first case of primal y obstruction of the hepatic 
veins In 1899, Chian ^ collected 7 cases from 
the literature and added 3 of his own in which the 
occlusion was thought to be due primarily to 

Major Kelsey was formerly a Fellow in Medicine 
of the Mayo Foundation 

$ Division of Medicine Majm Clinic 

1 Budd, G Diseases of the Liver, ed 3, Phila- 
delphia, Blanchard & Lea, 1857, p 195 

2 Chian, H Ueber die selbstandige Phlebitis 
obliterans der Haupstamme der Venae hepaticae als 
Todesursache, Beitr z path Anat u z allg Path 
26 1-18, 1899 


inflammation of the w^all of the vein itself He 
established primary occlusion of the hepatic veins 
as a disease entity The diagnosis is usually 
made at necropsy Baehr and Klemperei ® have 
stated that Oppenheimer made the diagnosis in a 
case reported by them and that the diagnosis was 
confirmed at necropsy East ^ made a clinical 
diagnosis, but it was not confirmed by exploia- 
tion or by necropsy A review of the case 
records herein given and of the cases repoited 
by other authors leads us to believe that the 
diagnosis should at least be suspected in a greater 
number of cases than in the past 

INCIDENCE 

Occlusion of the hepatic veins apparently is 
rare According to Kahn and Spring ° only about 
60 cases in which the occlusion was the majoi 
cause of the patient’s illness were reported in 
the literature prior to 1940 The condition has 
been rare at the Mayo Clinic Review of the 
records of all cases in which neciopsy was done 
at the clinic from 1910 to 1939 inclusive has dis- 
closed 20 cases of occlusion of the hepatic veins 
In 16 cases the occlusion was an incidental find- 
ing at necropsy and had not pi oduced any recog- 
nizable symptoms In the remaining 4 cases it 
had caused symptoms, and in 3 of these it had 
unquestionably contributed to or been the chief 
cause of death In all 20 cases the occlusion 
was due to thiombosis 

CAUSATION 

Occlusion of the hepatic veins may be primary 
or secondary to disease in other parts of the body 
Primary occlusion is lare, but explanations for 

3 Baehr, G , and Klemperer, P Thrombosis of 
tlie Portal and of the Hepatic Veins, Af Chn North 
America 14 391-410 (Sept ) 1930 

4 East, T Chian’s Disease, with Hypertrophic 
Osteoarthropathy and Familial Lipomatosis, Proc Roy 
Soc Med 26 272 (Nov ) 1932 

5 Kahn, S , and Spring, AI Thrombosis of the 
Hepatic Veins — Chian’s Syndrome Report of a Case 
with Biopsy and Venous Pressure Determination, Ann 
Int Afed 14 1075-1083 (Dec ) 1940 
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its occur! ence are multiple These have been 
summarized by Thompson and Turnbull ® and 
more recently by Hutchison and Simpson ^ Chian 
advanced the hypothesis that the occlusion is due 
to a primary inflammation of the vein with oi 
without thrombosis He thought that the process 
is syphilitic, but present day evidence does not 
support this view A secondary hypothesis, 
namely, that the occlusion is due to primary 
thrombosis and that the inflammatory changes 
in the wall are secondary, has been supported by 
Thompson and Turnbull The retardation of, 
oi even the reversal of, the flow of blood at the 
diaphragmatic opening of the inferioi vena cava 
caused by mciease of pressure in the thorax or 
occurrence of eddies m the ostiums of hepatic 
veins where the blood streams of the hepatic 
veins and of the inferior vena cava com erge have 
been cited as possible explanations of develop- 
ment of thrombosis m this aiea A third, the 
mechanical, hypothesis was advanced by Kretz,® 
^\ho expressed the view that the liver is to some 
extent suspended by the hepatic veins, that stress 
on the veins results in mechanical damage and 
that the resulting scar tissue occludes the osti- 
ums of the veins A fourth, the congenital, 
hypothesis was first advanced by Rosenblatt,® 
111 1867 He suggested that the fibrosis of fetal 
mteistitial hepatitis prevents union between the 
hepatic veins and the infenoi vena cava oi oc- 
cludes the hepatic veins by pressure It has also 
been suggested that stricture at the point of junc- 
tion of the hepatic veins and the mferioi vena 
cava might be developmental Moor m 1902 
suggested that the tendency'^ to obliterative pioc- 
esses in this region seen in the obliteration of 
the ductus venosus might remain latent but might 
subsequently be reactivated by some irritant and 
involve the hepatic veins Hutchison and Simp- 
son in 1930 pointed out another possible develop- 
mental hypothesis, namely, that the intrauterine 
process of obliterating many of the venae reve- 
hentes might progiess too far The choice of 
any one cause seems to have, little piactical in- 

6 Thompson, T , and Turnbull, H M Pnmai y 
Occlusion of the Ostia of the Hepatic Veins, Quart J 
Med 5 277-296 (Jan ) 1912 

7 Hutchison, R , and Simpson, S L Occlusion 
of the Hepatic Veins with Cirrhosis of the Liver, Arch 
Dis Childhood 5 167-186 (June) 1930 

8 Kretz, R Pathologic der Leber, Ergebn d allg 
Path u path Anat 8 498, 1902 

9 Rosenblatt, O G Ueber einen Fall von ab- 
normen Verlauf der Lebervenen in Verbindung mit 
Cirrhose und Carcinom der Leber und consecutiver 
carcinomatoser Infiltration des Peritoneums, Tahresb u 
d Leistung d ges Med 1 226-227, 1867 

10 Moore, F C Primary Obliterative Inflamma- 
tion of the Main Trunks of the Hepatic Veins, M Chron 
3 240-251, 1902 


terest, as a preventive appioach seems out of 
the question at this time 

Occlusion of the hepatic veins is more often 
due to thrombosis secondaiy to disease elsewhere 
than to primary disease of the veins themselves 
The cause of secondary occlusion of the hepatic 
veins IS usually found m the liver, but the occlu- 
sion may be attributable to extrahepatic condi- 
tions The most frequent mtrahepatic causes are 
inflammatoiy, neoplastic and cirrhotic processes 
These processes predispose to thrombosis by in- 
jury of the intima of the vein or by slowing of 
tbe circulation through piessure on and narrow- 
ing of the lumen of the vein Gummas and hyda- 
tid cysts are less fiequent causes of thrombosis 
of the hepatic veins Among the extrahepatic 
causes of secondary thrombosis of the hepatic 
veins may be mentioned (1) trauma^®, (2) 
peiihepatitis , (3) scars (4) thrombosis of 
the inferioi vena cava, especially malignant 
thrombosis’^', (5) constrictive pericarditis^’, 
(6) diseases which cause multiple thrombosis, 
such as polycythemia vera and thrombophle- 
bitis migians,® and (7) entrance of malignant or 
infectious particles into the hepatic veins, owung 
to leversal of the flow of blood during coughing 
or straining in carcinoma of the thyroid gland 
or abscess of the bi am or of a lung “ 

PATHOLOGIC ANATOMY 

Thrombosis of the hepatic veins may involve 
all or any of them and may even extend into 
the vena cava The thiombi often indicate the 
factors producing them , thus, they may be puru- 
lent or contain malignant tissue Depending on 
the duration of life aftei thrombosis occurs, the 
clots may undergo organization and canalization 
When repeated thrombosis occurs, thrombi are 
usually superimposed on one another The wall 
of the vessel reacts by marked fibrous thickening, 
especially the intima A variable but usually small 

11 Rolleston, H, and McNee, J W Diseases of 
the Liver, Gallbladder and Bile Ducts, ed 3, London 
The Macmillan Company, 1929 

12 Hess, A F Fatal Obliterating Endophlebitis 
of the Hepatic Veins, Am J M Sc 130 986-1001 
(Dec) 1905 

13 Altschule, M D , and White, G Chian’s S\ n- 
drome in a Patient with Polycythemia Vera, New 
England J Med 220 1030-1033 (June 22) 1939 

14 Hallock, P, Watson, C J, and Beiman, L 
Primary Tumor of Inferior Vena Cava with Clinical 
Features Suggestive of Chian’s Disease, Arch Int 
Med 66 50-61 (July) 1940 

15 (a) Altschule and Whitens (b) Norman, I L, 
and Allen, E V The Vascular Complications of 
Polycythemia, Am Heart J 13 257-274 (March) 1937 
(c) Sohval, A R Hepatic Complications iii Polv- 
cythemia Vera, with Particular Reference to Throm- 
bosis of the Hepatic and Portal Veins and Hepatic 
Cirrhosis, Arch Int Med 62 925-945 (Dec ) 1938 
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numbei of inflammatoi}’- cells are scattered 
through the wall, which contiacts and further 
causes stenosis of the lumen Possibly such a 
final stage may produce the picture which Chian 
and others called endophlebitis obliterans hepa- 
tica Occasionally the hepatic veins are only 
cords of fibrous tissue In 1 case the lumen of 
the vena cava was separated fiom the lumen of a 
hepatic vein by a thin membrane 

The pathologic changes m the livei vary with 
the acuteness or the chromcity of the piocess 
Acute thrombosis of the portal vein has been 
produced experimentally, and the observations 
made have been highly instructive In dogs com- 
plete, sudden hepatic obstruction by constriction 
with a 1 ubber band causes marked congestion and 
enlargement of the liver, with necrosis due to 
central pressure and with hyaline thrombi m the 
cential veins In human beings, m the few cases 
lepoited of acute, spontaneous thrombosis of the 
hepatic veins the liver has been exti emely con- 
gested, purplish and smooth , in 1 case it weighed 
more than 2,500 Gm Wedge-shaped regions 
characterized by this congestive change occur if 
single tributaries are obsti ucted Mici oscopically, 
the central veins are distended or thrombosed 
The sinusoids are packed with erythrocytes, 
which may be conglutinated Hemorrhage from 
the central veins and necrosis caused by pressure 
sometimes involve almost the entire lobule A 
few inflammatory cells are seen The changes 
are those of an infarct of Zahn instead of com- 
plete necrosis, such as occurs in tiue infarction 
of the liver 

Chronic obstruction of the infenoi vena cava 
with subsequent hepatic obsti uction occurimg 
111 monkeys causes venous congestion and cen- 
tral degeneiation of hepatic lobules without 
fibrosis, together with ascites In cats with 
hepatic obstruction the central neciotic cells dis- 
appear and are replaced by dilated sinusoids 
without fibrosis In human beings central con- 
gestion with enlaigement of the livei may be le- 
placed by atrophy m the more chronic forms of 

16 Osier, W , cited by Thompson and Turnbull <5 

17 {a) Simonds, J P, and Callaway, J W Ana- 

tomical Changes in the Livers of Dogs Following 
Mechanical Constriction of the Hepatic Veins, Am J 
Path 8 159-166 (March) 1932 (&) Simonds, J P 

and Jergesen, F H Late Changes m Liver Induced 
by Mechanical Obstruction of the Hepatic Veins, Arch 
Path 20 571-581 (Oct) 1935 

18 Thompson and Turnbull ® Altschule and White 
Sohval 

19 Bolton, C The Pathological Changes in the 
Liver Resulting from Passive Venous Congestion Ex- 
perimentally Produced, J Path & Bact 19 258-264, 
1914 

20 Bolton, C, and Barnard, W G The Patho- 
logical Occurrences in the Liver m Experimental V enous 
Stagnation, J Path & Bact 34 701-709 (Nov) 1931 


the disease In some cases the hvei has been 
found to w^eigh as little as 950 Gm and to be 
nodular Actually, all degrees of congestion, 
central necrosis, atrophy and collapse fibrosis- 
are seen Occasionally, seveial different stages 
may be seen m the same livei Thus, in case 4, 
to be reported in subsequent paragiaphs, the left 
lobe of the liver was almost completely ati ophic , 
the light lobe, m wdiich some patches of atiophy 
w^ere present, w^as acutely congested, and the 
caudate lobe, wdiich was fiee from involvement 
had undergone compensatory hypei trophy Al- 
though distortion from extensive central neciosis 
and resorption is present, the lobular architecture 
IS maintained, as has been stated Tiue legen- 
eiation of hepatic tissue does not occtii, but 
compensatoiy hypei trophy of the umnvolved par- 
enchyma IS common Cirrhosis and even pii- 
niary carcinoma of the liver have been lepoited 
as late results 

Thiombosis of the hepatic veins pioduces 
portal hypei tension with ascites and spleno- 
megaly (chronic passive congestion) Throm- 
bosis of the poital and mesenteric veins may 
follow Collateial circulation of the portal s}s- 
tem may be w^ell developed 

ASYMPTOMATIC THROMBOSIS 

When thiombosis of the hepatic veins is found 
incidentally at necropsy the condition, because 
of its relative uhimportance, is seldom leported 
m the literature or mentioned m the lepoit of 
the observations at necropsy The thiombosis 
usually IS not extensive, oi it has existed long 
enough for canalization to have occurred and 
foi an adequate collateral circulation to ha\e 
become established 

As was pieviotisl}- stated, in 16 of the 20 cases 
in our series the condition was asymptomatic 
and was found incidentally at neciopsy (table 1) 
In cases 5 to 12 inclusive the condition follow'ed 
hepatic inflammation , abscesses of the liver were 
found in 7 of the 8 cases In 2 of these cases 
the abscesses weie actinomycotic, and m another 
case the abscesses w^ere secondary to p}lephle- 
bitis In 1 case multiple abscesses w^eie asso- 
ciated with metastatic carcinoma, but the puru- 
lent character of the thrombosis w'^as indicatne 
of Its origin In case 12 thrombosis appaiently 
was the result of puiulent cholangitis In cases 
13, 14, 15 and 16 metastatic carcinoma of the 
liver had injured the w'alls of the hepatic \eins 
or had imaded the veins and produced throm- 

21 Budd 1 Chian- Kret7 s Rosenblatt'’ Nl^ilI- 
kawa, Y Ueber die Obliteration der Stammleber\enen 
und des heparen Hohlvenenabschnittes (Thrombophle- 
bitis obliterans \enae hepaticae et e ca\ae infenons), 
Mitt a d med Fak d k Univ 7U Tok\o 20 151-305, 
1918-1919 
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bosis In case 17, which is especially interesting, 
portal cirrhosis was present Large regenerating 
nodules, which had caused distortion and con- 
striction of the hepatic veins, appaiently had 
caused thrombosis In cases 18, 19 and 20 
S3’^stemic slowing of the circulation seems to be 
the best explanation for the thrombosis, as there 
were no lesions in the liver to account for the 
condition Geneial peritonitis vas found in 2 


systemic slowing of the circulation in thrombosis 
of the hepatic veins was clearly demonstiated in 
these cases 

SYMPTOMATIC THROMBOSIS 

In cases in which thrombosis of the hepatic 
veins has produced symptoms, thrombosis may 
play the major or the only role in the causation 
of symptoms and death The onset and the pro- 
gression of the disease may be acute or chronic 


Obsetvatiojis at Nectopsy m Sixteen Cases m Which Thi ovibosis of the Hepatic Veins Was Piesent 


Age, 


Case 

Yr 

Sex 

Cause of Death 

Liver 

5 

36 

d 

Cholecystitis (stones), 
abscesses of liver, puru 
lent pericarditis 

Multiple large abscesses 
patches of congestion 

6 

65 

9 

Carcinoma of gallbladder 
obstructing hepatic ducts, 
hepatic insufficiency 

Dilated bile ducts, mul 
tlplc abscesses and car 
cinomatous nodules, 
patchy congestion 

7 

54 

9 

Cholecystitis, choledo 
chollthlasis, suppura 
tivo pylephlebitis 

Multiple pylephlcbitic 
abscesses 

S 

d4 

d 

Duodenal ulcer abscesses 
of pentoneum, liver 
and lung 

Abscess in left lobe (4 cm ) 

9 

56 

d 

Staphylococcic abscesses 
of liver, lungs and right 
kidney, origin not known 

Multiple ab'ccsscs (1 to 

7 cm ) 

10 

19 

d 

Actinomycosis of liver, 
lungs and right kidney 

4bsccss of right lobe 
(13 cm ) 

11 

22 

d 

Actinomycosis of liver, 
lungs and spleen 

Multiple honeycombed 
abscesses, small patch of 
sev ere congestion in 
right lobe 

12 

70 

0 

Cholecystitis (stone') and 
Iicrf oration, general pen 
tonitis, choledocholithiasis 

Dilated bile ducts, chol 
angitis small patches 
of congestion 

13 

6S 

9 

Carcinoma of tail of pan 
creas, metastasis to liver 
lungs, heart and lymph 
nodes 

Multiple huge carcinom 
atous nodules 

14 

56 

9 

Carcinoma of left ovarv, 
metastasis to liver, pen 
toneum, kidney s, adrenal 
glands and lymph nodes 

Multiple carcinomatous 
nodules patchy conges 
tion of right lobe 

15 

07 

d 

Carcinoma sigmoid, intes 
tinal obstruction 

Multiple carcinomatous 
nodules, patch of con 
gestion (3 cm ) 

16 

74 

d 

Carcinoma of bile duct 
and liver 

Multiple carcinomatou' 
nodules, bile ducts 
dilated right lobe 
congested 

17 

59 

d 

Portal cirrhosis, ruptured 
esophageal varix henior 
ihage 

Nodular cirrhosis, patchy 
congestion 

18 

46 

9 

Duodenal ulcer, general 
pentonitis 

Patch of congestion (5 
cm ) in right lobe 

19 

59 

9 

Ulcerative cholecystitis 
(stones), perforation 
general peritonitis 

Wedge of congestion (6 
cm ), atrophic scars 

20 

24 

9 

Chronic ulcerativ e pul 
monary tuberculosis 

Wedge of acute passive 
congestion (1 cm ) 


Hepatic Veins Other Thrombosis 

Wall of a medium vein Inferior vena cava, 

partly destroyed b> ab pulmonary infarcts 

scess, pus in lumen (emboli ?) 

Puriform thrombus, extend 
ing into vena cava 


Septic thrombi of 1 medium 
\ein and several small 
vems 

Septic thrombus in a 
medium vein, extending 
from abscess 

Tliln mural organizing 
thrombus extending into 
vena cava 

Purulent thrombus in 
medium vein, extending 
from abscess 
Mural thrombus in large 
tein, extending from 
abscess 

Terminal septic thrombi 
in a medium and in 
sot oral small veins 
Cancerous and terminal 
thrombi occluding right 
mam tnbutarj 

Organizing laminated and 
terminal thrombus of 
nghtveln, surrounded 
by cancer 

Organizing and terminal 
thrombi in vein of 
congested region 
Tumorous and terminal 
thrombi in most small and 
medium \eins, right lobe 

Terminal thrombi in 
many small veins 

Organizing and tenninnl 
thrombus in medium t ein 
to congested region 
Organizing and terminal 
thrombi in medium vein 
to congested region 

Terminal thrombi in small 
veins of congested region 


Pylephlebitis, right 
femoral vein 


Intrahepatic portal vein 
right saphenous vein, 
mural thrombus in right 
ventricle 

Inferior vena cava, left 
femoral vein right renal 
vein, a medium intra 
hepatic vein 

Inferior vena cava right 
renal vein, both iliac 
veins 


Pulmonary infarcts 


Small pulmonarv arteries 
(emboli) left adrenal 
vein, both renal veins 


Lower part of inferior 
vena cav a, both iliac vems 


Inferior vena cava left 
iliac vein, both iliac 
arteries, pulmonary 
emboli 


of these cases and chronic ulcerative pulmonary 
tuberculosis in the remaining case In case 19 
thrombosis had existed long enough foi consider- 
able organization to have occurred 

Although asymptomatic thrombosis of the 
hepatic veins is not important clinically, it is of 
interest pathologically, as the cause of the con- 
dition can be determined in most cases The 
causative role of inflammatory, neoplastic and 
cirrhotic processes in the liver as well as of 


In dogs complete sudden hepatic obstiuction 
by constriction with a rubbei tube causes extreme 
congestion and enlargement of the liver , the 
blood pressure drops lapidly,^^ pressure in the 

22 Simonds, J P, and Brandes, W W (a) The 
Effect of Obstruction of the Hepatic Veins on the Sys- 
temic Circulation, Am I Physiol 72 320-323 (April) 
1925, (6) Anaphylactic Shock and Mechanical Obstruc- 
tion of the Hepatic Veins in the Dog, J Immunol 13 
1-10 (Jan) 1927 
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poital vein inci eases and the animal may go 
into shock and die within a few horn s The 
concentration of sugar m the blood drops 
rapidly,^® and the animal may die m convul- 
sions The coagulation time is inci eased 
gieatly Theie is a slight deciease in the con- 
centration of plasma fibiinogen and of serum 
calcium and in the number of blood platelets 
The- concentration of seium lipase may be ele- 
vated In human beings, m the few cases 
of acute, spontaneous occlusion of the liver which 
have been reported the pictuie has been similar 
to that induced experimentally The picture 
usually includes piemomtory vague epigastric 
pain, followed by severe abdominal pain ® ex- 
tending to the back, delirium, and, occasionally, 
vomiting suggestive of acute poisoning Coma 
may supervene in a few hours ® The livei 
rapidly becomes laige and tender, and ascites 
appears Severe acidosis with an odor of acetone 
in the breath, diacetic acid in the mine and in- 
creased alveolar carbon dioxide tension may be 
present A diminished value of the plasma 
cholesterol has been noted and atti ibuted to 
hepatic damage Death occurs in from twenty- 
four hours to several days These profound phy- 
siologic alteiations are not surprising, because of 
the extensive destruction of hepatic parenchyma 
and because of shock The teimmal episode in 
cases 1 and 4 seems to have been due to acute 
thrombosis superimposed on a preexisting 
thrombosis of the hepatic veins 

Thiombosis of the hepatic veins is often 
chronic The patient may suivive only a few 
weeks and usually lives less than six months , 
1 patient, however, lived twenty-five years ^ In 
such patients thrombosis develops slowly or is 
only paitial, as is well illustrated in the 4 cases 
reported herewith Evidences of portal obstruc- 
tion aie the outstanding featuies until acute 
thrombosis, mesenteiic thiombosis or hepatic 
failuie appeals 

REPORT or CASES 

Case 1 — History — A white housewife 46 years of 
age first registered at the Mayo Clinic on Nov 7, 1939, 
because of swelling of the abdomen In August 1938, a 
fibrosarcoma had been removed from the upper part of 
the shaft of the left femur In December, pain had 
developed in the left side of the thorax and the neck 
and in the left arm , the blood pressure had been found 
to be lower in the left arm than in the right In July 
1939, pain in the left upper quadrant of the abdomen, a 

23 Brandes, W W Effect of Mechanical Constric- 
tion of Hepatic Veins, with Special Reference to Coagu- 
lation of Blood, Arch Int Med 44 676-692 (Nov ) 
1929 

24 Jacobson, V C , and Goodpasture, E W Occlu- 
sion of the Entire Inferior Vena Cava by Hjper- 
nephroma, with Thrombosis of the Hepatic Vein and 
Its Branches, Arch Int Med 22 86-95 (July) 1918 


sensation of abdominal fulness and menorrhagia had 
developed In August, total hysterectomy had been 
performed, at which time a huge leiomyoma had been 
lemoved In September, rapidly progressive abdominal 
swelling and severe pain in the upper portion of the 
abdomen had developed The patient’s physician had 
found that the liver was tender , the liver and the spleen 
had enlarged rapidly for several days 

Physical Exammcihon — Physical examination at the 
clinic revealed a pale, chronically ill, apathetic woman 
Her temperature was 102 F , the blood pressure in the 
right arm, m millimeters of mercury, was 129 systolic 
and 70 diastolic, that m the left arm was 90 systolic 
and 70 diastolic The abdomen was moderately dis- 
tended with fluid The liver was tender and extended 
7 cm below the costal margin Blood smears revealed 
hemagglutination The concentration of hemoglobin 
was 7 8 On per hundred cubic centimeters of blood 
The erythrocytes and leukocytes numbered 3,700,000 
and 9,100 respectively per cubic millimeter of blood 
The serum contained 126 Bodansky units of phosphatase 
per hundred cubic centimeters Roentgenograms re- 
vealed postopeiative and inflammatory changes in the 
left femur 

Couise — The patient’s temperature rosf daily in the 
afternoon to 100 oi 101 F On November 13 intense 
pain suddfenly developed in the upper portion of the 
abdomen and in the right lumbar region, followed bj 
vomiting, delirium and shock The patient died twentj- 
four hours later 

Autopsy — At neciopsy 1,200 cc of ascitic fluid was 
found in the peiitoneal cavity Each adrenal gland was 
replaced by a cystic yellow tumor, the right gland 
weighed 1,000 Gm and the left 850 Gm Microscopically, 
these tumors were diagnosed as fibrosarcomas Growth 
of the tumors had extended to the inferior vena ca\a 
and had obstructed it completely A terminal thrombus 
filled the lumen of the inferior vena cava below the 
tumors The tumors extended upward into the hepatic 
veins Degeneiating and terminal thrombi completely 
occluded the hepatic veins and their tributaries The 
liver was purple and congested, it weighed 1,950 Gm 
and contained multiple metastatic nodules Sinusoids 
were distended with erythrocytes, and central necrosis 
of the lobules was present The spleen weighed 155 Gm 
and was normal in appearance Metastatic lesions were 
found in the kidnejs and the rectal shelf and formed a 
thrombus occluding the left subclavian artery Death 
was attributed to fibrosarcoma of the adrenal glands 
with extension to the inferior vena cava and the hepatic 
veins It was considered that the tumors of the adrenal 
glands mav hare been metastatic in origin 

Clinically, the enlarged liver and the ascites 
indicated involvement of the liver The histoiy 
of lemoval ot a fibrosarcoma from the femur a 
}eai befoie the onset of abdominal pain sug- 
gested that the piocess in the abdomen was 
metastatic Metastatic carcinoma, particulaily 
of the hvei and the peritoneal cavity alone, 
would hate explained the chionic abdominal 
s}mptoms and findings The sudden exacerba- 
tion of abdominal pain followed by shock and 
death within twent}-four hours suggested that 
lapid pi egression of the disease had taken place 
oi that some new process had been superimposed 
on the old one It is probable that formation 
of a teimmal occluding thrombus of the hepatic 
\enous s}stem and of the infeiior tena cat a 
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explains the final pictui e The absence of edema 
of the lower extiemities strongly suggests that 
occlusion of the mfeiioi vena cava did not 
greatly influence the clinical pictuie This case 
has been reported previously in a piesentation 
in which tumors of the kidney that had involved 
the infeiior vena cava weie consideied*^ 

Case 2 — Hxstoiy — A white farmer 56 jears of age 
registered at the clinic on June 16, 1937 In Februarj 
1937, he had noted progressive edema of the ankles 
At that time he had had an enlarged liver and throm- 
bophlebitis of the right leg In March 1936, he had 
had painless massive hematuria for one da> In Ma\ 
1936, progressive abdominal swelling had developed , 
abdominal paracentesis had produced 2,000 cc of fluid 
Ascites had recurred rapidl}' For two weeks before 
his registration at the clinic he had complained of intense 
pain in the upper portion of the abdomen and of the 
lumbar region 

Physical Exaitnmiion — On physical examination the 
systolic blood pressure was 170 mm and the diastolic 
pressure 110 mm of mercury The abdomen was dis- 
tended with fluid Massive edema of the lower extrem- 
ities was present, extending as high as the lower portion 
of the abdomen The liver was enlarged There was no 
anemia The platelets numbered 110,000 and the leuko- 
cytes 7,000 per cubic millimeter of blood The con- 
centration of sodium chloride was 557 mg per hundred 
cubic centimeters of plasma The concentration of urea 
was 44 mg and that of sugar 68 mg per hundred cubic 
centimeters of blood The value for bilirubm was 
1 4 mg per hundred cubic centimeters of serum , the 
van den Bergh reaction was indirect The bleeding 
time was increased to six minutes An examination 
of blood smears revealed marked macrocytosis of 
erythrocytes The results of the sulfobromophthalein 
sodium test revealed marked impairment of hepatic 
function The urine contained a moderate amount of 
albumin and a few ervthrocytes 

Course — Abdominal paracentesis, which was earned 
out two days after the patient’s admission to the hos- 
pital, produced 2,100 cc of ascitic fluid Four da^s 
later the patient suddenly went into shock, with cyanosis, 
dyspnea, failing pulse and coma The pulse was regular 
and was not rapid , the cardiac tones were of poor 
quality Readings of the blood pressure were low and 
could not be obtained with accuracy At this time the 
leukocytes numbered 17,000 per cubic millimeter of 
blood The carbon dioxide-combimng power of the 
plasma was low (34 5 volumes per cent) The patient 
died eight hours after the 'onset of shock 

Autopsy — Necropsy disclosed massive edema of the 
lower extremities The peritoneal cavity contained only' 
25 cc of ascitic fluid The right kidney weighed 
745 Gm and was involved bv a huge, soft papillan 
carcinoma, which extended to the right and left renal 
veins and the inferior vena cava A laminated thrombus 
extended down the vena cava into the iliac veins The 
tumorous caval thrombotic process extended upward 
into the right auricle of the heart, through the tricuspid 
valve and into the right ventricle Neoplastic throm- 
bosis extended into one of the large hepatic veins of 
the right lobe of the liver The other tributary from 
this lobe was filled with laminated, oiganired and 
terminal thrombi The liver weighed 1,820 Gm and 

25 Ti'lisch, J H , Habein, H C , and Henthorne, 
J C Tumors of the Kidnei Which Invade the 
Inferior Vena Cava A Report of Sev'en Cases, Surgerv 
4 663-672 (Nov ) 1938 


contained several metastatic nodules It was moderately 
congested throughout, blood distended the sinusoids and 
had caused some central necrosis There was a wedge- 
shaped soft, yellowish region about 8 cm m diameter in 
the left lobe An organized thrombus obstructed a 
medium-sized hepatic vein in this region Several other 
intrahepatic veins and the common portal vein were 
filled with organized and recent thrombi There was 
chronic passive congestion of the spleen, which weighed 
185 Gm Death was attributed to carcinoma of the right 
kidney with metastatic invasion of the inferior vena 
cava, the hepatic veins and the heart * 

It IS of intei est to speculate about the sequence 
of events m this case Obstruction of the in- 
ferioi vena cava w^as followed by edema of the 
lowei extremities and by thrombophlebitis 
Piopagation of the tumorous thrombosis into 
the mferioi vena cava above the entrance of 
the hepatic veins and into the hepatic veins 
seems to have produced (1) obstruction to the 
flow of portal blood thiough the liver, (2) 
thrombosis of the hepatic veins, (3) congestion 
of the liver, (4) ascites, and (5) pain in the 
upper portion of the abdomen and of the lumbar 
region Occlusion oj the tricuspid valve by 
the neoplastic thiomhus may have been the cause 
of death, hut lapid destiuction of the livei may 
well have played a part Regardless of the 
exact sequence of events, howevei, it is clear 
that obsti uction of the hepatic veins added to the 
clinical picture Hepatosplenomegaly and ascites 
associated with evidence of thrombosis of the 
inferior vena cava mav indicate extension into 
the hepatic veins, as was suggested by Jacobson 
and Goodpastuie 

In this case and in case 1 thiombosis of the 
hepatic v'ems was secondary to thrombosis of 
the inferior vena cava In the next 2 cases no 
satisfactoiy explanation for the thrombosis could 
he found in the hvei or elsewhere 

Case 3 — Histoi i — A w'hite housewife 33 years old 
registered at the clinic on Nov 18, 1935 Four years 
previously continuous diarrhea had developed, and the 
patient had passed each day from five to sixteen stools, 
which often had contained blood and mucus She had , 
had abdominal cramps, weakness and slight loss of 
weight but no fever Five weeks prior to her registra- 
tion at the clinic, progressive painless enlargement of 
the abdomen, with a sensation of bloating, had devel- 
oped suddenly 

Physical Examination — Physical examination revealed 
a woman who appeared ill and who had moderate ascites 
but no edema of the legs The liver was palpable and 
smooth Proctoscopic examination revealed advanced 
chronic ulcerative colitis, roentgenologic examination 
disclosed that the entire colon was involved The con- 
centration of hemoglobin was 10 6 Gm per hundred 
cubic centimeters of blood The concentration of blood 
urea was 18 mg per hundred cubic centimeters That 
of serum protein w'as 6 7 Gm per hundred cubic centi- 
meters 

Couise — Abdominal paiacentesis, which w'as per- 
formed on December 2, produced 1,800 cc of clear, 
straw-colored fluid, but the ascites recurred rapidh 
As the colitis did not improve, ileostomy was performed 
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on December 13 Hepatitis was noted at operation, 
and 5,000 cc of ascitic fluid was removed On Decem- 
ber 16, pain low m the anterior portion of the thorax, 
cyanosis, rapid irregular pulse, slight fever and gradual 
decline developed The patient became irrational and 
finally comatose, death occurred on Dec 23, 1935, the 
terminal temperature was 106 F 
Autopsy — At necropsy the peritoneal cavity contained 
3,000 cc of turbid purulent exudate There were 
multiple infarcts m the lungs, and the pulmonary arteries 
contained multiple small emboli The liver weighed 
1,833 Gm The left lobe was smooth, soft and yellow- 
ish , microscopic examination revealed fatty change and 
slight passive congestion The right lobe was mottled 
purple, deeply congested and slightly nodular Thrombi 
m the hepatic veins were visible on the cut surface 
Some of these were terminal, while others weie well 
organized, with numeious small canaliculi The walls 
of the veins were thickened, especially the intima, but 
there was scant microscopic evidence of inflammation 
The main hepatic vein was filled with a terminal 
thrombus Patchj central necrosis from passive con- 
gestion was present in the right lobe, with some regions 
of collapse, distortion of lobules and fibrosis but no re- 
generation The spleen weighed 138 Gm and appeared 


Physical B'lamutation — Phvsical examination revealed 
a man who appeared ill and who had moderate ascites 
but no edema of the legs The edge of the Iner ex- 
tended 7 cm below the costal margin and was tender 
The spleen was palpable The concentration of hemo- 
globin was 16 3 Gm per hundred cubic centimeters of 
blood, the erythrocytes numbered 5,540,000 and the 
leukocytes 11,500 per cubic millimeter of blood Blood 
smears disclosed anisocytosis and increased regenera- 
tion of erythrocytes The concentration of blood urea 
was 40 mg per hundred cubic centimeters and that of 
serum bilirubin 2 4 m^ per hundred cubic centimeters 
The van den Bergh reaction was direct The sulfo- 
bromophthalein test disclosed marked impairment of the 
function of the livei The value for serum lipase mea- 
sured in cubic centimeters of twentieth-normal solution 
of sodium hydroxide per cubic centimeter of blood was 
01 A roentgenogram of the stomach did not disclose 
aiij abnormality 

Coutse — Abdominal paracentesis and omentopexj 
were performed on Jan 3, 1938 Extreme hepatitis was 
present Severe pam in the upper part of the abdomen 
and of the lumbar region continued, and five da\s after 
operation delirium, cyanosis, shock and lespiratoiv 



A, atrophv of left lobe and hypertrophy of caudate lobe of liver 

B, section of inferior vena cava showing ostiums of hepatic veins occluded by organized thrombi 


normal Chronic ulcerative colitis was extensive Death 
was attributed to chronic ulcerative colitis and general 
peritonitis 

The possibility that the ascites was attributable 
to chrome peritonitis must be considered, but 
this hypothesis seems unlikely in view of the 
strawlike coloi of the fluid lemoved by paia- 
centesis and the absence of gioss evidence of 
peiitomtis The explanation foi the ascites in 
this case was thiombosis of the hepatic veins 
An explanation foi the thiombosis was not 
found 

Case 4 — Histoty — A white faimer 41 years old en- 
tered the clinic on Dec 30, 1937 ^ivc weeks prior to 
his registration severe pain m the upper portion of the 
abdomen and the lower part of the thoracic region had 
occurred in attacks of five to twenty minutes’ duration 
The pain had awakened him at night, anorexia and a 
sensation of fulness after meals had developed Two 
weeks later, rapidh increasing swelling of the abdomen 
had occurred 


irregularity rapidly developed, and the patient died in 
twenty-four hours 

Autopsy — At necropsj 400 cc of fibrin-flaked fluid 
was found in the peritoneal cavitj The liver weighed 
2,306 Gm The left lobe was almost completely atrophic 
Collapse fibrosis and distorted lobules were present 
but hepatic regeneration had not taken place The 
right lobe was mottled, dark red and extremely con- 
gested, with some patches of atrophy The sinusoids 
weie distended with conglutmated erylhroc} tes, which 
had caused necrosis from pressure of the central two 
thirds of the lobules The caudate lobe w'as unusually 
large, 14 by 9 by 6 cm , and was congested onh 
shghtlj (fig, A) Except for two iininvolvcd acces- 
sory tributaries from the caudate lobe, the hepatic \cins 
w’ere filled with old, progressne, organized, canalized 
thrombi, which extended a short distance into the in- 
ferior vena cava as a mural thrombus ffig,B) The 
walls of the vessels w'cre stenosed and markedly thick- 
ened by' old fibrous tissue, especially the intiim Onh 
a few' inflammatory cells w ere seen The lumens v ere 
occluded b\ terminal thrombi which extended down to 
the central eenules Termnnl thrombosis of the niln- 
hepatic portal \eins, extending into the common port il, 
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splenic and mesenteric veins, was present The jejunum 
was purplish and hemorrhagic and was the site of 
venous infarction The esophageal, retroperitoneal and 
abdominal ^elns were extremely dilated The spleen, 
involved by chronic passive congestion, weighed 1,103 
Gm Death was attributed to thrombosis of the hepatic 
and portal \ems and infarction of the small intestine 

Case 4 is the most interesting of all those in 
oui series Only one impoitant pathologic 
process -was present — thrombosis of the hepatic 
veins No cause was found for the thrombosis 
The effect of the occlusion of the hepatic veins 
was clearly demonstrated, as it had produced 
atrophy of the left lobe of the liver and marked 
enlargement and congestion of the right lobe 
The caudate lobe was unaffected but had undei- 
gone compensatory hypei trophy (fig 1) Portal 
h} pel tension and ascites had followed The 
terminal pictui e followed extension of the throm- 
bus to the poital and mesenteiic veins iMth ip- 
faiction of the small intestine 

COMMENT 

The lepoit of these cases affoids an inteiesting 
study of the causation, pathologic featuies and 
symptoms of thrombosis of the hepatic veins 
These cases lesemble closely the cases of more 
chronic thrombosis of the portal vein which have 
been reported previously in the literature 
Thrombosis of the hepatic veins secondary to 
thrombosis of the inferioi vena cava is well 
illustrated m 2 cases (1 and 2) , cases 3 and 4 
are excellent examples of thiombosis of the 
hepatic veins for which neithei an intrahepatic 
noi an extiahepatic cause could be found at 
necropsy The duration of life in such cases 
usually IS less than six months The patients 
in these 4 cases lived five months, five months, 
nine weeks and five weeks lespectively aflei 
the onset of symptoms 

The hvei usually is large and tender, as it 
was m these cases, unless cirrhosis Mas present 
before the onset of thrombosis Rapidly pio- 
gressive hepatic enlargement may be obseived, 
as in case 1 Jaundice has been reported rarely 
and, when present, has been mild Visible 
jaundice was absent in the cases repoited, only 
a slight elevation for the value of serum bili- 
lubm was found in cases 2 and 4 Ascites is 
an almost constant finding and was piesent in 
all 4 cases , paracentesis was necessary in 3 A 
few cases without ascites have been i eported 
The spleen is sometimes enlarged, but this Avas 
true only in case 4 of the present series Edema 
of the legs in case 2 probably was the result of 

26 Rolleston and McNee^ Norman and Allen i®'’ 
Osier 1® McNee, J W Croonian Lectures on Liver 
and Spleen Their ainical anl Pathological Associa 
tions, Brit M J 1 1068-1073 (June 11) 1932 


associated thrombosis of the infeiior vena cava, 
but It may occur late m the disease as the result 
of hepatic failure Inci eased and even visible 
collateral circulation of abdominal veins has been 
1 eported frequently but Avas noted in this series 
only in case 4 Rupture of esophageal varices 
with gross gastrointestinal hemorrhage has been 
described ° Acidosis, present before the terminal 
episode in case 2, has been pi eviously described -* 
in an instance of acute thiombosis of the hepatic 
veins The macrocytqsis m case 2 is evidence 
of hepatic injury 

A significant symptom may be pain in the 
uppei portion of the abdomen and of the lumbar 
region, which Avas present in 3 of the 4 cases 
The frequency of the occurience of pain has 
been commented on by many observers In 
cases 1 and 2 lumbai pain may haA'e lesulted 
from the tumor in the renal legion, but throm- 
bosis of the hepatic veins A\as the onlj explana- 
tion for it in case 4 In case 3 neithei abdominal 
nor lumbai pain Avas a s}'mptom 

Cyanosis Avas noted duiing the acute episode 
in cases 2 and 4 and has been noted not infre- 
quently in other cases The cyanosis in such 
cases, as Avell as the acidosis i eported in the 
case of Jacobson and Goodpastuie, is piobably 
part of the pictuie of shock 

Noticeable in the 4 cases Avas the tendency of 
the disease to progress iriegularly The pi og- 
ress Avas punctuated AAith sudden deAelopment 
of a ncAv, or exaggeration of an already existent, 
symptom of the disease, presumabh due to 
extension of the thrombosis 

In case 2 the patient had definite s}mptoins 
of pulmonary embolism, and multiple pulmonary 
emboli Avere found at neciopsy Poital throm- 
bosis as a result of obstiucted ciiculation existed 
in cases 2 and 4 Thrombosis of the mesenteiic 
vein Avith mfaiction of the small boAvel may 
be the teiminal complication, as in case 4 
Pain in the upper portion of the abdomen and 
of the lumbar region and evidences of disease 
of the liver and of obstruction to the floAV of 
blood through the portal vein are outstanding 
featuies of the more chronic cases of thiombosis 
of the hepatic veins The acute episodes are 
characterized by a sharp exacerbation of the 
pieexisting pain in the uppei part of the 
abdomen, nausea, vomiting, cyanosis, shock 
with delirium and finally coma and death Such 
episodes are well illustiated by the terminal 
episodes m cases 1 and 4 and possibly in case 2 
The terminal acute episodes in cases 1 and 4 
lasted tAventy-four hours and in case 2 eight 
hours aftei the onset of shock 
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SUMMARY 

Occlusion of the hepatic veins was an inci- 
dental finding in 16 of the 20 cases in this senes, 
in the lemaining 4 occlusion played a major 
lole in the illness The occlusion was in all 
cases due to thiombosis Although thrombosis 
of the hepatic \eins is a laie condition, it is not 
so laie that it can be dismissed entirely from 
the minds of phjsicians as a diagnostic possi- 
bility In this connection, the 4 cases reported 
in detail in which thrombosis produced symp- 
toms, were encounteied during the six years 
1934 to 1939 inclusive 

Occlusion of the hepatic veins may be primaiy 
or secondary to inflammatory, cirrhotic and neo- 
plastic diseases of the liver, to thiombosis of 
the neighboring vena cava, to diseases in which 
thrombosis occurs fiequently, such as poly- 
cythemia vera, and perhaps to the slowing of 
the cnculation in debilitating diseases It maj 
or may not produce recognizable signs and 
symptoms It is most often merelj^ an inci- 
dental obsenation at necropsy, but it should be 
suspected when an acute painful episode with 
shock occuis duimg an otherwise chionic 
course paiticularly of hepatic disease 

Occlusion of the hepatic veins is of interest not 
only because of its raiity but also because of the 
piofound physiologic changes which it causes 
in the Inei These changes are attributable to 
congestion and atiophy of the liver and to ob- 
struction of the flow' of blood through the liver 
with consequent portal hypertension In chronic 
occlusion of the hepatic veins, while acute epi- 
sodes w'lth shock may punctuate oi teiminate 
the course, the mechanical effects of obstruction 
of the hepatic veins aie the well developed 
featuies, that is, hepatosplenomegaly, visible 
collateral circulation and ascites Thrombosis 
of the portal vein often occurs, and thrombosis 
of the mesenteric vein with infarction of the 
small bow'el also may occui The enlarged, con- 
gested hvei may become atrophic In the acute 
foim of the disease and in the acute terminal 
episodes of the chronic form the more dramatic 


features of shock with cyanosis and acidosis aie 
added to those of hepatic and portal obstruction 
and ascites Hypoglycemia with hypoglycemic 
convulsions has been noted expei imentaliy and 
may be anticipated sooner oi latei m clinical 
experience 

In the more chionic forms of the disease the 
piogiessive course, in some cases punctuated b) 
acute episodes, the relatively rapid inciease in 
the size of the tender liver and the severe epi- 
gastiic pain extending to the thoracic or the 
lumbar legion should arouse suspicion that some 
unusual condition, such as thrombosis of the 
hepatic veins, rather than cirrhosis oi carci- 
noma of the liver, is the cause of the symptoms 
Peritoneoscopic examination may eventually 
serve to distinguish the congested Iivei of ob- 
struction of the hepatic veins from the cirrhotic 
01 carcinomatous liver Hepatosplenomegaly in 
a case in which evidence of thrombosis of the 
infenoi vena cava has been present will suggest 
extension of the thrombosis to the hepatic veins 
Examination of the diiection of the flow of 
blood in the collateral circulation will aid in the 
differentiation of obstruction of the hepatic veins 
and obstiuction of the inferior vena cava, as 
has been* pointed out by Thompson and Turn- 
bull among others An upward flow' indicates 
obstiuction of the inferior vena cava, a down- 
w'aid flow, obstruction of the hepatic veins 

In cases of more acute occlusion of the hepatic 
veins as w'ell as in the acute terminal episodes 
of the chronic form of the disease the rapidity 
of increase in the size of the liver together w'lth 
evidence of profound disturbances of hepatic 
function and of portal obstruction that could 
be caused only by some rapidly developing 
process, such as thrombosis, may well suggest 
the correct diagnosis Acute occlusion has been 
confused with acute pancreatitis, but elevation 
of values for serum amylase as well as rapid 
enlaigement of the liver and rapid development 
of portal obstruction should materially aid in dis- 
tinguishing the two conditions 
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During the 1943 epidemic of infantile paralysis, 
a certain number of patients who were admitted 
to the isolation division of the University Hos- 
pitals with a tentative diagnosis of anteiioi 
poliomyelitis proved not to have this disoider 
Some of these patients presented the signs and 
symptoms of an acute illness that could not be 
classified undei any of the known infectious dis- 
eases A review of the literature revealed that 
a similar syndrome had been described undei a 
variety of names In an attempt to clear up the 
confusion of names, we will present a senes of 
cases and a ciitical review of the literature 

During the months of July, August and Sep- 
tember 1943, 10 patients were admitted to the 
isolation division who piesented a not leadil}’^ 
classifiable syndrome A sudden onset of high 
fever, headache, backache and pains in the limbs 
typified the course of this acute and rathei shoi t- 
lived disease The ages ranged between 11 and 
20 3'’ears, and the average was 15}i years Eight 
of these patients weie boys, and 2 were girls 

Onset — ^The onset was charactensticallv sud- 
den, with high fever, geneially preceded by a 
chill or chilly sensations Only 1 patient noted 
an infection of the uppei lespiratoiy tract or 
malaise preceding the rise in temperatuie Seveie 
headache, backache and pain in the limbs rapidly 
ensued and remained the most prominent sub- 
jective symptoms The headaches were located 
in the frontal and postorbital areas and were 
accompanied by varying degrees of photophobia 
Anorexia and nausea were the rule, and vomit- 
ing occurred in 50 per cent of the cases Two 
patients noted muscular weakness, and 1 of these 
also complained of transient sensory disturbances 

Physical Exmmnation — Examination of these 
patients revealed a surpiising paucity of physical 
signs, and none appeared as ill as his fevei 
would suggest Three patients showed signs of 
an infection of the upper respiratory tract at the 
time of admission to the hpspital, but in only 1 
of these was it very extensive A fine maculo- 

From the Department of Internal Medicine (Division 
of Physical Medicine) and the Department of Neurol- 
ogy of the State University of Iowa 


papular eruption was found ovei the extremities 
of 1 patient who had apparently received sulfa- 
thiazole previous to his admission In no instance 
were cardiovascular or pulmonary abnormalities 
detected A mild generalized lymphadenopathy 
was present in 5 cases, but there was no spleno- 
megaly Two patients revealed evidences of local- 
ized muscular weakness at the time of admission, 
but none had sensory changes No instances of 
pruiitus or icterus were seen, and traces of insect 
bites were lacking 

Lahoiatoi y Data — Laboratory studies revealed 
that the leukocyte counts varied from 3,750 to 
15,000, and all but 2 were below 10,000 per cubic 
millimeter Of the 5 patients for whom differen- 
tial counts were made, 4 had over 80 per cent 
polymorphonuclear leukocytes Tuo had mild 
albuminuria on their enti ance to the hospital, but 
both had normal urine befoie dischaige A small 
number of pus cells was noted in the urine of 1 of 
these patients Nine patients submitted to lumbar 
puncture, and all had a normal spinal fluid, in- 
cluding pressure, cell count, protein, sugai, 
chlorides and Wassermann reaction Teleroent- 
genogiams were taken of 3 patients, and all 
weie normal Negative lesults of blood cultures 
were found in 5 cases, but in a sixth a hemolytic 
streptococcus was isolated which, m the light of 
the future couise, was thought to be a contami- 
nant Agglutination reactions of 7 patients were 
consistently negative foi brucellosis, typhoid and 
paratyphoid A and B The Paul-Bunnell test 
tor infectious mononucleosis was given in 2 in- 
stances, and an agglutination leaction for tular- 
emia Avas negative m 1 case In none of these 
cases Avas the Kolmer, Kahn or Kline reaction of 
the blood positive 

Cowse and Tieatment — No stereotyped form 
of treatment was followed, particularly in view of 
the unusual course of the disease Two patients 
received sulfadiazine, which apparently had little 
or no effect All were treated symptomatically 
with mild sedatives and analgesics, a soft diet 
and fluids as they Avere desired All but 1 of 
these 10 patients were entirely well within eight 
days Three patients manifested a distinctly 
biphasic type of illness, Avith a secondary, less 
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seveie febiile response withm foity-eight hours 
In none of these cases was there any definite 
evidence of postinfection neui asthenia 

REPORT or CASES 

Case 1 — Hisfoiy — The patient was born m 1929 and 
had suffeied no serious illnesses, except for an opera- 
tion for acute appendicitis in 1938, until the onset of 
a febrile disease which brought him to the isolation 
division of the University Hospitals On arising Aug 
15, 1943, he complained of stiffness of his back and all 
four extiemities Bj' noon of the same day the boy 
had a severe throbbing headache, located particularly 
in the frontal region Although he had no shaking 
chills or symptoms of an infection of the upper respira- 
tor 3 ' tract, his temperature was discovered to be 102 F 
Ihe following day the patient showed subjective im- 
iwovement, in that the generalized stiffness had dis- 
appeared, although his cephalalgia remained unabated 
Iiloderate chills ensued, and he entered the hospital the 
afternoon of August 17, w'lth the presumptive diagnosis 
of poliomyelitis He denied having stiffness of the neck, 
muscular weakness or difficulty in breathing and sw'al- 
lowing Anorexia was present, although the boy had 
not vomited 

He and a brother 16 years of age had been swimming 
at Deer Creek two weeks previous to the onset of the 
illness This brother entered the hospital on the same 
date with a remarkably similar group of complaints, 
also starting on August 15 The patient’s parents and 
two other brothers w'ere well, although the father w'as 
reported to be a hemophiliac 

Physical Examination — In spite of a tempeiature of 
105 F (rectal) at' the time of his admission, the child 
did not appear acutely ill He w'as rational, but rather 
sluggish, and preferred to he on his side w'lth his eyes 
shaded by his arm 

No abnormalities of distribution of hair were noted, 
his skin was warm and moist, and he had a malar flush 
but no exanthem The skull w'as normal Hearing and 
Msion w'ere unimpaired, and the external auditory canals 
and tympanic membranes appeared healthy A slight 
nystagmus to extreme gaze in all directions was present, 
but the pupillary reflexes were active, and the scleras 
W’ere clear Ophthalmoscopic examination revealed no 
abnormalities, but there was mild conjunctival injection 
The nasal mucosa was moderately inflamed and shoived 
a serous exudate The lips were dry and scaly, and the 
tongue was coated The teeth, tonsils and pharynx 
appeared normal except for a mild reddening of the 
latter A few pea-sized, discrete, nontender, unattached, 
ratlier soft lymph nodes were found in the cervical, 
axillary and inguinal regions 

The lungs and chest were normal The heart was 
not enlarged, but the rate was 100 per minute A sys- 
tolic murmur of moderate intensity, which did not 
entirely disappear on either inspiration or expiration, 
was heard at the apex The arterial blood pressuie was 
110 mm of mercury systolic and 60 diastolic 

The abdomen was scaphoid and show'ed a w'ell healed 
scar in the right lower quadrant The liver and the 
spleen were not palpable The genitalia were normal 
Inspection of the back revealed mild spasm and tender- 
ness of the lower spinal group of muscles Pathologic 
and neurologic signs were wanting 

Laboiatory Examination — When the patient was ad- 
mitted, the hemoglobin content w'as 1 1 Gm , and the 
leukocyte count was 9,000 The urine was normal 
Agglutination reactions for brucellosis and typhoid were 


negative, as was the heterophile antibody test for infec- 
tious mononucleosis A lumbar puncture on August 17 
revealed normal dynamics and a crystal clear fluid with 
only 2 cells per cubic millimeter The proteins were 
21 mg, chlorides 728 mg and sugar 73 mg, per hun- 
dred cubic centimeters, all within normal limits A cul- 
ture of the blood showed growth of a member of the 
bacillus group w'hich the bacteriologist thought was a 
contaminant Culture of the spinal fluid showed no 
growth The Kolmer, Kline and Kahn reactions w'ere 
negative 

Suinmaiy — There was a history of headache, back- 
ache, marked malaise with chilly sensations and biphasic 
fever, all of short duration, m a boy who revealed 
amazingly few abnormal physical and laboratory signs 
Moderate nasal and posterior pharyngeal injection, mild 
generalized lymphadenopathy and soreness of muscles 
of the back were the salient features of the examination 

Diagnosis — This unusual disease, which defied ready 
classification, was temporarily and colloquially dubbed 
“Deer Creek fever” or “the sw'imming disease ” 

Subsequent Coni sc — With symptomatic therapy alone 
the temperature, which shortly after the patient’s ad- 
mission reached 106 F , promptly dropped to normal 
by August 20, only to show a secondary elevation to 
101 6 F on August 21 and 22 The degree of fever 
was an accurate gage of the amount of distress that 
W'as experienced After the patient’s temperature re- 
turned to normal on August 23, he felt well, and his 
appetite promptly returned The mild infection of the 
upper respiratory tract and lymphadenopathy persisted 
throughout the illness, but no icterus or exanthem 
developed A leukocyte count on August 22 showed 
5,000 cells per cubic millimeter The boy was discharged 
in excellent condition on August 24 

Case 2 — History — This boy was born in 1924 and 
suffered no serious illnesses in childhood, although he 
W'as subject to generalized headaches His tonsils were 
lemoved uneventfully in 1929 because of repeated sore 
throat, and he received sulfathiazole internally after 
being bitten by a dog m May 1943 On the morning 
of August 20 the patient began to feel weak and dizzy 
and noted some stiffness in his back and arms Because 
of increasing malaise he went to bed a few hours later, 
complaining of generalized pain in the chest of the 
pleuritic type Nausea and vomiting, severe shaking 
chills and a throbbing frontal headache rapidly ensued, 
and his temperature rose to 103 F by the evening of 
the same day His symptoms continued with unabated 
intensity (the anorexia was severe), and on August 21 
he W'as given 2 sulfathiazole tablets (0 5 Gm each) 
every four hours This medication was discontinued 
twenty-four hours later, because there was no obvious 
improvement in the boy’s condition Subsequently he 
entered the University Hospitals on the afternoon of 
August 23, with the presumptive diagnosis of infantile 
paralysis He denied having a stiff neck, although his 
back was sore, but he did complain of generalized 
w'eakness of his extremities, particularly of the arms 

This patient reported that he had not been m swim- 
ming for two months Except for the fact that his 
father had headaches, his parents and three siblings 
had alw'ays enjoyed good health, and none w’as ill at the 
time with a similar disease 

Physical Examination — This patient had a tempera- 
ture of 104 8 F on admission but did not appear seri- 
ously ill Some apathy was present, but he had no 
difficulty m relating his story 

The face was moderately flushed, and the skin was 
hot and dry No cranial abnormalities w'ere present 
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A thorough examination of the ears and eyes, including 
otoscopic and ophthalmoscopic studies, was negative in 
result The scleras were clear Moderate injection of 
the nasal mucosa and enlargement of the inferior tur- 
binates were observed The lips were dry and the teeth 
noncarious The tonsils were absent, but the posterior 
pharynx show'ed a moderate reddening and a purulent 
posterior nasal discharge Soft, nontender, pea-sized 
lymph nodes were found in the axillary and inguinal 
areas 

The thoracic cage, lungs and heart wbe normal, 
The arterial blood pressure was 110 sy'stolic and 60 
diastolic, and the pulse was regular, with a rate of 
104 per minute No murmurs were present 

The scaphoid abdomen revealed no scars or tender- 
ness, and the spleen and the liver were not enlarged 
The genitalia were normal The musculature of the 
neck and back w'as mildly' stiff and tender, apparently 
from spasm Complete neurologic examination rciealcd 
no abnormalities 

Laboratory ExamviaUon — When the patient was ad- 
mitted, there were 4,000,000 erythrocytes and 3,750 
leukocytes per cubic millimeter The urine was normal 
except for a transient and mild albuminuria Aggluti- 
nation occurred with the typhoid “H” antigen at a titer 
of 1 40 and did not occur with the “0” antigen 
Similar reactions for tularemia and brucellosis were 
negative A spinal tap on the patient’s first da\ in the 


August The outbreak yvas sporadic , the patients 
all came from five counties of eastern Iowa, with 
the exception of 1 patient who was sent from the 
western part of the state Two of the victims 
were brothers, and both of these patients were 
ill at the same time, but there were no known 
contacts between any of the remaining 8 victims 
Contacts with ticks, fleas dnd mosquitoes weie 
searched for, but no constant history was elicited 
nor was there a common source of milk, food 
products or drinking w'ater However, over half 
of the patients gave a history of swimming in a 
creek, lake or swimming pool a short time before 
the onset of their illness One victim was found 
to have drunk water from a well which was 
thought to have been contaminated 

SURVEY or LITERATURE 

Daniels and Grennan ^ reported a series of 40 
cases of an unusual, acute, febrile illness among 
the soldiers at Fort Bragg, Georgia, during the 
months of July and August 1942 Nearly all 
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hospital revealed a clear fluid, y\ith normal pressure 
readings, 2 cells per cubic millimeter and 34 mg of 
protein, 695 mg of chlorides and 82 mg of sugar per 
hundred cubic centimeters No organism was grown 
from the cultures of the spinal fluid or the blood 
Summary — ^There was an acute febrile illness, yvith 
chills, severe headache and backache in a youth 19 vears 
of age, who showed signs of a minimal infection of the 
upper respiratory tract, soreness of muscles of the neck 
and back and a mild lymphadenopathv 
Diagnosis — The illness yvas diagnosed as an acute 
infectious disease of unknown cause, but not encepha- 
litis or poliomyelitis ■ 

Subsequent Course — Treatment during his stav of six 
davs in the hospital yvas nonspecific and symptomatic 
Within the first tyventy-four hours a moderate, asy mpto- 
matic maculopapular eruption developed over the upper 
and loyver extremities and later oy er his chest and trunk, 
yyhich yvas interpreted by the dermatologist as being 
caused by the administration of sulfathiazole The fever 
and symptoms subsided simultaneously, yvith a tem- 
porary exacerbation on August 26 and 27 The exan- 
them gradually improved, his appetite returned, and the 
boy yy'as discharged feeling yvell on August 28 

EPIDEMIOLOGV 

Table 1 shoyvs that all 10 patients yvere seen 
late in the summer of 1943 and that the major- 
ity of the cases occurred during the month of 


these patients reported a sudden onset of high 
fever, folloyved by sey ere headache, backache and 
pains m the extremities Oyei half expeiienced 
chills, and less than one third shoyved any symp- 
toms referable to an infection of the upper re- 
spiratory tract About one fourth of the patients 
suffered from nausea and vomiting Five of the 
patients shoyved a biphasic type of illness, and 
all yvere afebrile yvithin eight days 

Physical examination revealed feyy' evidences 
of an infection of the upper respiratory tract 
Lymphadenopathy was not remarkable, but 95 
per cent shoyved an enlarged spleen Thirty-five 
of the 40 patients had a bilaterally symmetric 
erythematous, localized blush of irregular outline 
In 30 cases the eruption yvas localized to the pre- 
tibial area — ^whence the title of “pretibial fever ” 

A low leukocyte count and relative lympho- 
cytosis yvere the rule Cultures of the blood 
yvere taken m all cases but showed no groyvth 
Agglutinations were negative for Proteus Xu,, 
Brucella mehtensis, the typhoid-paratyphoid , 

1 Daniels, W B , and Grennan, H A Pretibial 
Fever, JAMA 122 361 (June 5) 1943 
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group and heterophil antibodies, and a search 
for malarial parasites and the spii ilium o£ re- 
lapsing fever was unsuccessful Epidemiologic 
investigation rcA ealed that all of the patients 
were quartered m the noithein thud of the 
populated area of the reservation, near a small 
stream and its tiibutaiies No common insect 
vectors were found, and there was no evidence 
that the disease was spread by human contact 
A search for the etiologic tactoi has been started, 
but no results have been obtained as yet 

Cheney - i epoi ted tu o outbi eaks of an acute 
febrile illness in and around San Francisco dur- 
ing the 3 feais 1934 and 1935 As may be noted 
in the chart, the disease showed a great similarity 
to the Iowa cases, vith sudden onset of high 
fever, headaches, general malaise and an absence 
ot symptoms of the upper respiratory tract as the 
salient features In one thud of the 30 lepoited 
cases the patient had a nonspecific cutaneous 
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eruption The disease uas rather short-lived, 
often with a “camel-back ’ fever and pronounced 
postfebnle asthenia One patient, also sufter- 
mg from tabes dorsalis with gastric crises, died 
on the fourth day The autopsy diagnoses in- 
cluded acute toxic necrosis of the liver, chole- 
lithiasis, arteriosclerosis, bronchopneumonia and 
syphilitic aoititis In 4 cases, including the 
one ending fatally, the disease occurred as the 
result of inoculation of blood from a patient ill 
uith the disease The incubation penod in these 
cases was sixty to ninety-six hours Agglutina- 
tion studies, blood cultuies, Weil-Felix reactions 
and malarial parasite tests were negative in all 
cases attempted A thoiough epidemiologic sur- 
vey revealed no common vectois, except that 
several of the patients had been bitten by fleas 
The dengue-carrying mosquito, Aedes aegypti, 
has not been found in noithern California 

2 Cheney, G Appearance of a Dengue-Like Fever 
m Northern California, Arch Int Med 56 1067 (Dec ) 
1935, A Dengue-Like Feyer, California & West Med 
46 8, 1937 


W oodland and associates " desci ibed in de- 
tail an outbreak of Texas tick fever (Bulhs 
fever) which occurred at the Brooke General 
Hospital, Fort Sam Houston, Texas, during the 
spring and summer of 1942 The symptoms, 
ph 3 ^sical findings and laboratoi 3 " studies were 
unusuall 3 similar to those rn the Iowa cases 
Lymphadenopathy and leukopenra were seen m 33 
soldiers, while a nonspecific rash was found in 3 
Agglutination determinations for brucellosis, 
tularemia and the typhoid group were negative 
Repeated cultures of the blood and smears were 
also negative Six cases weie investigated foi 
Q ferei. Rocky Mountain spotted fever and 
t 3 phus by the complement fixation method, and 
all tests gave negative results Enlarged lymph 
glands were examined by biopsy in several cases 
and disclosed onty lymphoid h 3 ^peiplasia All 
patients had been exposed to the bite of the tick, 
Amblyomma amencanum, while on duty in the 
maneuver area at Camp Bulbs, Texas, but no 
positive proof that the tick was the vector was 
found All attempts at animal transfei of the 
disease and at growth of an oiganism were un- 
successful Results of inoculations of male 
guinea pigs with tick emulsions were not con- 
clusive, and wild animals native to the area 
showed no evidence of the disease 

A similar outbreak m the same aiea nlnch 
involved 485 soldiers was reported in the spring 
of 1943 These cases showed inoie severe symp- 
toms, and one fatality was reported This case 
showed the terminal clinical picture of seveie 
agranulocytic angina and septicemia * 

Bowdoin ® discussed an outbreak of an unusual 
syndrome during the month of August 1940, 
near Wrens, Ga Thirty-fire cases were recog- 
nized, but only 17 were studied in any detail 
These cases showed a great similarity, in most 
respects, to the Iowa group of cases One half 
of the patients mentioned in this report com- 
plained of epigastric pain, and diarrhea nas 

3 WoUdland, J C McDoyycll, M M, and Rich- 
ards, J T Bulhs Fever (Lone Star Fever — Tick 
Ferer) An Endemic Disease Obserred at Brooke Gen- 
eral Hospital, Fort Sam Houston, Texas, JAMA 
122 1156 (Aug 21) 1943 

4 The rickettsial causation of Texas tick fever has 
since been proved by" studies rvith guinea pigs ( Anigstein, 
L, and Bader, M N Iny estigations on Rickettsial 
Diseases in Texas IV Experimental Study of Bulhs 
Fever, Texas Rep Biol & Med 1 389, 1943 Lwesay, 
H R , and Pollard, M Laboratory Report on a Qinical 
Syndrome Referred to as Bulhs Feyer, Am J Trop 
Med 23 475, 1943) The tick Ambljoinma amencanum 
has been demonstrated to be a carrier of this disease, 
yvhich IS immunologically different from either Rockj 
klountam spotted fever or Q feyer 

5 Boyydom, CD A Xey\ Disease Entity (’), 

J :M a Georgia 31 437, 1942 
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present m 2 patients A fine, tiansient, i ed- 
dish rash which was most noticeable over the 
anterior aspects of the legs and which was not 
unlike measles, uas noted m the latei cases 

Agglutination deteiminations which included 
the typhoid group, biucellosis, endemic mm me 
typhus and tulaiemia weie negative foi 11 pa- 
tients tested Studies of the blood, cultures of 
the stools and Weil-Fehx tests were consistently 
negative m results Interestingly enough, a 
technician who handled the cultures of the stools 
acquired the disease in typical form The only 
common factor found was that all the patients 
had been swimming m Brushy Creek within one 
week of their illness This creek was knoun to 
leceive much privy diainage, and it was near a 
slaughter house dumping grounds 

Topping and others leported® an inteiesting 
series of cases of an acute, benign, febrile disease 
which was appaiently caused by the bite of a 
tick, Derm,acentor andersoni This disease, 
which occuired in Coloiado and adjoining states, 
Iiad been previous!}' described in the liteiature, 
but an actual causative agent had not been le- 
ported Topping believed Coloiado tick fever 
to be akin to South Afiican tick fever, Kenya 
typhus and Columbian spotted fever, all repu- 
tedly caused by one of the aithropods, usually 
a tick This disease, characteiized by fever, 
headache backache, muscle pains and photo- 
phobia, often shous a “saddle-back” febiile le- 
sponse Leukopenia is the rule, and an exanthem 
has not been described 

In the cases lepoited by Topping the patients 
were known to have been bitten by the tick 
Dermacentoi andersoni, usually within a week 
of the onset of the illness Extensive efforts at 
animal transfer and the isolation of an oiganism, 
either from patients oi ticks weie uniformly 
unsuccessful 

A survey of a group of unusual illnesses with 
appaiently definite, though still undetermined 
etiologic factois and with remarkable. lesem- 
blances in the clinical aspects has been made in 
detail A review of the existing clinical entities 
with known definite etiologic agents shows that 
many have a surprisingly similar pattern 

Influenza in many respects follows a course 
quite related to the previously described illnesses 
However, as may be seen in table 1, the inci- 
dence of the disease discussed here is greatest 
during the summei months, at which time in- 
fluenza IS relatively uncommon Because of the 
fact that the disease has not been transmitted 
by direct contact with a victim and because of 

6 Topping, N H , Cull>ford, J S , and Davis, G E 
Colorado Tick Fever Pub Health Rep 55 2224, 1940 


the too frequent occuirence of a skin eiuption 
and icteius, the diagnosis of influenza is un- 
tenable 

The epidemic form of i elapsing fever is caused 
by Baireha lecuirentis, which is tiansmitted by 
the bite of a louse" This foim of the disease 
is common to Texas and the eastein seaboard 
states, but it is far moie common m Europe and 
Northern Afiica Various species of soft ticks 
are responsible foi the spi ead of the nonepidemic 
form of 1 elapsing fever, a number of lodents 
serving as intermediate hosts This foim of the 
disease is prevalent in South and Central Amei- 
ica, and a numbei of cases aie reported in the 
w'estern states, especially Califoinia and Texas 
The clinical picture is compatible m man} re- 
spects, the common features being an abiupt 
onset of high fever, seveie headache and body 
pains Vomiting and icteius aie seen lather 
commonl}, and splenomegaly is the lule How- 
evei, signs of an infection of the upper respira- 
tory tract, leukocytosis and a noticeable tendenc} 
to febrile i elapses tend to diffeientiate this dis- 
ease During the “pretibial fever ' outbreak m 
Geoigia m 1942, relapsing fe^er was senousl} 
considered as a diagnosis, but diligent seaich 
of the blood smeais failed to ic\eal the offending 
spiiochete 

The clinical couise of Rock} Mountain spotted 
lever® is geneially much more se\ere, although 
the onset is suipnsmgly similai A high white 
blood cell count and the appearance of a chai- 
acteristic rash aie almost constant m this w'ell 
defined disease, which is tiansmitted by the bite 
of the tick, Dermacentoi andei soni, m the Rock} 
Mountain region, and b} the tick, D vaiiabilis 
in the East and Midwest The oiganism, Dermo- 
centroxenus rickettsii, usually seen duiing the 
summei months, is the causative factor m Rock} 
Mountain spotted fevei 

The epidemic form of typhus,® caused b} 
Rickettsia prowazeki and transmitted thiough 
the bite of a louse, is usually associated with wai 
and famine and has seldom been seen in the 
United States This form of typhus has a stiong 
tendency to run a severe course The endemic 

7 Strong, R P Relapsing Fever M Clin North 
'\merica 27 734, 1943 

8 Topping, N H Rockv Mountain Spotted Fe\er 
M Clin North America 27 722, 1943 Kelly, F L 
Rocky Mountain Spotted Fe\er Its Prevalence and Dis- 
tribution in Modoc and Lassen Counties, California , Pre- 
liminary Report, California State J Med 14 407, 1916 
Munson, E L Rocky Mountain Spotted Fever and 
Endemic Typhus Fever, California & West Med 41 
365, 1934 

9 Djer, R E Tjphus Fever, M Qin North 
America 27 775, 1943 Cummmg, J G , and Senftner, 

H F The Prevention of Endemic Typhus m Cali- 
fornia J A M A 69 98 (July 14) 1917 
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murine foim of typhus, most pievaleiit m the 
late summer and fall, moie nearly appioximates 
the pictuie of the desciibed outbreaks This 
form of the disease is tiansmitted by the bite of 
the rat flea Points wheie the disease is endemic 
have been discoveied along the entire eastern, 
noithein and western coasts, and as fai inland 
as Cleveland and Cincinnati Usually this entity 
piesents a typical exanthem staitmg on the fifth 
day of the illness, but the eruption may be so 
transient as to be entiiel}' ovei looked Again, 
in spite of the infiequency of a low leukocyte 
count, a high white cell detei mmation is unusual 
The consistent!}’- negative Weil-Fehx leactions 
and the infi equency of flea bites tend to eliminate 
the etiologic diagnosis of endemic typhus fever 
fiom our series Bull’s disease^® is believed 
to be immunologically identical with classic epi- 
demic typhus Zinnssei feels that this illness 
has become endemic in immigiant populations, 
since there is no proof that it is transmitted by 
the bite of a louse This disease is most piev- 
alent along the noithein coast of the United 
States and cannot be seiiousl} consideied m the 
diagnosis 

In the United States the mosquito, Aedes 
aegypti, has been found to be the vectoi foi 
dengue fevei,^^ which is quite widespread ovei 
the tropical and semitiopical areas of the world 
This disease was first accurately described in 
this country by Benjamin Rush, who rathei 
aptly referred to the Philadelphia epidemic in 
the latter part of the eighteenth ceiitui y as break- 
bone fever This clinical entity has been re- 
ported in many southern coastal states and as 
far north as Pennsylvania The clinical pictuie 
has been found to be polymorphic in the various 
epidemics throughout the world, but the mam 
characteristics wei e well desci ibed by Silei , Hall 
and Hitchens m 1926 “Typical cases are char- 
acterized by sudden onset with physical weak- 
ness, headache, postorbital pain and soieness, 
- flushing of the face, suffusion of the eyes, 
anorexia with loss of the sense of taste, back- 

10 Holmes, W H Bacillarj and Rickettsial Infec- 
tions, New York, The Macmillan Company, 1940 

11 Philadelphia in the Summer and Autumn of the 
Year 1780, Philadelphia, Prichard & Hall, 1789 Rice, 
L A Clinical Report of the Galveston Epidemic of 
1922, Am J Trop Med 3 73, 1923 Scott, L C 
Dengue Fever in Louisiana, J A M A 80 387 (Feb 
10) 1923 Siler, J F , Hall, M W , and Hitchens, A P 
Dengue Fever Its History, Epidemiology, Mechanism 
of Transmission, Etiology, Clinical Manifestations, Im- 
munity and Prevention, Philippine J Sc 29 1, 1926 
Chandler, A C, and Rice, L Obseivations on the 
Etiology of Dengue Fever, Am J Trop Med 3 233, 
1923 Rivers, T M Relation of Filtrable Viruses to 
Diseases of the Nervous System, Infections of the Cen- 
tral Nervous System, A Research Neiv & Ment Dis , 
Proc 12 49, 1932 


ache, pain m the bones and joints, maiked pios- 
tiation, mental depiession and a general feeling 
of wretchedness There is a secondary oi tei- 
minal eiuption of a polymorphous character ” 

The lash, leported by some authois to be 
present m 80 per cent of their cases, was barely 
mentioned by Rush The majoiity of wiiteis 
have found a percentage between these two ex- 
tremes Leukopenia is the rule, and a biphasic 
“saddle-back” fever is often seen Apparently, 
howevei, the latter is not too constant a finding 
The clinical picture of dengue is thus quite 
compatible in most respects to the outbieaks 
outlined m table 2 In fact, it has been stated 
recently that the “pretibial fever” epidemic in 
leality was dengue Cheney seriously considered 
this disease m his two series of cases but was 
unable to confirm his suspicions in any manner 
No consistent contact with the mosquito Aedes 
aegypti, which cariies the virus of dengue in 
the United States, is piesent m any of the listed 
outbreaks 

During the poliomyelitis season these cases 
will invaiiably be diagnosed as infantile paialysis 
The onset of this condition with a chill speaks 
against infantile pai alysis Cerebrospinal menin- 
gitis IS another condition which must be ruled 
out, as M ell as acute encephalitis The absence 
of any abnormalities in the spinal fluid assists 
greatly in luling out the infections of the nervous 
system which are likely to occur at that time of 
the yeai The severity of the headache was 
dependent entirely on the height of the tem- 
perature and disappeared as the temperatuie le- 
turned to noimal 

COMMENT 

To try to designate this syndiome by the 
intioduction of another colloquial term would, 
accomplish no useful purpose Until more 
specific data are available relative to the cause 
of this condition, we are content to designate 
it as a “dengue-like” disoider The practical 
implications in lecognition of this disoider, how- 
ever, should not be overlooked Since these 
patients became ill during the height of the polio- 
myelitis epidemic in Iowa in 1943, they were 
invai lably admitted to the isolation division w ith 
the tentative diagnosis of early poliomyelitis or 
meningoencephalitis As the clinical pictuie 
became cleaiei in our minds, certain features of 

12 Toomej, J A Differential Diagnosis of Menin- 
geal Irritations, J Io\\a M Soc 32 355, 1942 Seiffert, 
G Virus Diseases in Man, Animal and Plant, New 
York, F Hubner Company, 1944 Salzman, S R An 
Infectious Sjndrome Resembling Jnflucnra, Ohio State 
M J 38 328, 1942 Neurotropic Virus Diseases Circu- 
lar Letter No 74, Office of the Surgeon General of the 
Armi, Mil Surgeon 92 494, 1943 



Table 2 — Companson with Similar Cases Repoiied 


Author 

Paul, 
Antes and 
Sahs 

Grennan 

and 

Daniels 

Cheney 

Cheney 

Woodland, 

McDowell and 

Richards Bowdoln 

Topping 

Total 

Diagnosis 


Pretlbial 

fever 

Dengue like 
fever 

Dengue like 
fever 

Texas tick 
fever 

New disease 
entity (?) 

Colorado 
tick fever 


Location 

Iowa 

Georgia 

Northern 

California 

Northern 

California 

Texas 

Georgia 

Colorado 


Lear 

1943 

1942 

1934 

1934 1935 

1942 

1940 

1940 


^umber of cases reported 

10 

40 

10 

20 

33 

17 

53 

183 





Per Cent of Total 

A 




Sudden onset 

' 90 % 

100% 

100% 

757c 

Usually 

10O7c 

1007o 

92 5+7o 

High fever 

100 % 

937o 

90% 

907c 

1007 c 


100% 

88 5-i-7c 

Biphasic fe^er 

30% 

12 5% 

90% 

C07c 

A few 


747c 

38+7c 

Severe headache 

90% 

95% 

S 0 % 

857c 

4S7c 

1007c , 

747c 

807a 

Severe backache 

100% 

100% 

907o 

S07c 

2T7c 

1007c 

387o 

697c 

Pains in limbs 

100% 

100% 

80% 

707c 

427c 

1007c 

327c 

68 57c 

Vomiting 

50% 

22 5% 

20% 

Rare 

9% 

A large 
number 

107c 

22 5% 

Lymphadenopathy 

Mild 00% 

Not remark 
able 

00% 

457c 

1007c 

0 


33+7c 

Spienomegalj 

0 

9o% 

207<, 

157c 




23 57o 

Rash 

10% (sulfa 
thiazole) 

87 5% 

407c 

307c 

97o 

Six in later 
cases 


30+% 

Leukopenia 

30% 

87 5% 

107o 

00% 

lC07c 

til in nor 
mal range 

In all cases 
checked 

55+7c 

Chill 

50% 

00% 


407a 

Usually 


577c 

527c 

Icterus 



207c 

257c 




47c 

Irrationality 



107c 

55% 




6 57c 

Infection of upper respira 
tory tract 

Mild 30% 

Mild 30% 






S7c (mild) 

Muscular weakness 

20% tran 
sient 







1% 

Course 

411 except 

1 well in 

8 dajs 

All well in 

9 days 

One died 4th 
day , rest 
well in 10 
days, some 
asthenia 

Asthenia 
for 1 to 2 
weeks 

Protracted 

asthenia 

Well 7 to 

9 days 

Afebrile 

In 7 days, 

protracted 

asthenia 


Cultures of the blood 

Negative in Negative in 
lease, 40 eases 

hemolytic 
str in 5 cases 

Negative in 

2 cases 


Negative in 
33 cases 

Negative In 
11 cases 

Negative in 
11 cases 


Agglutination for Brucel 
losis, typhoid, paratyphoid, 
A and B 

Negative m 

7 cases 

Negative in 
40 cases 

Negative in 

2 cases 


Negative in 

0 cases 

Negative in 
11 cases 



Smear for malaria 


Negative in 
40 cases 

Negativ e in 

1 case 

- 



Negative in 
11 cases 


Smear for relapsing fever 


Negative in 
40 cases 





Negative in 
11 cases 


Lumbar puncture 

Negative in 
10 cases 

Negative in 

3 cases 

Negative In 

2 cases, in 
creased cells 
and pressure 
in 1 case 

Negative in 

4 cases 

Negative in 
sev eral 
cases 


Negative 
results of 
cultures 


Heterophil antibody 

Negative in 

2 cases 

Negative in 
40 cases 



Negative in 
’ cases 




Cultures of the stools 

Negative in 

1 case 





Negative in 
13 cases 



Agglutination for tularemia 

Negative in 

1 case 




Negativ e in 

C cases 




Complement flvatlon for 
Bockj Mountain spotted 
fever 

Complement fixation for Q 
fever 

Weil Pehx 




Negative in 

1 case 

Negative in 

C cases 

Negative m 

6 cases 

Negative In 

6 cases 

Negative in 
17 cases 

Negative m 
11 cases 


Vectors (common) 

Pathology 

Pive had All near 

been in same 

swimming, stream 

1 had drunk 
contaminated 
well water 

Pour rc None 

ceived dis found 
ease by blood 

Inoculation 
many bitten 
by fleas 

All bitten 
by tick A 
Amen 
canum 

Lymphoid 
hyperplasia 
(biopsy ) 

All were 
swimming 
in same 
creek 1 week 
before illness 

All bitten 
by tick D 
Andersonl 



Etiology 


Animal 
transfer un 
successful, 
no results m 
studies of 
local mos 
quito and flies 


An mtracel 
lular organism 
with features 
Similar to those 
of pathogenic 
rickettsias 


Animal 
transfer im 
successful, 
no results m 
tick studies 
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the “dengue-like” syndrome established them- 
selves The onset of the condition with a chill 
or chilly sensation, the high fever and the lack 
of true paralysis oi alteiation m the reflexes 
tended to rule out poliomyelitis The only ex- 
planation we can offer for the localized weak- 
ness presented by several patients is a pseudo- 
paralysis due to local muscular tenderness Great 
reliance was placed on the results of the spinal 
fluid examination as a means of accurate differ- 
entiation from the acute inflammations of the 
central neivous system and its coveiings The 
relatively rapid subsidence of symptoms and the 
absence of sequelae were also impoitant featuies 
The headache and musculai pains are comparable 
to the symptoms of other severe infections such 
as smallpox, dengue and typhoid 


SUMMARY 

, Ten patients were admitted to the isolation 
division of the University Hospitals with a 
tentative diagnosis of poliomyelitis In these pa- 
tients had developed an acute infectious disease 
chaiactenzed by chills or chilly sensations, severe 
headache, muscular soreness and high fevei 
Although the cause is unknown, the condition 
bears a resemblance to dengue and thus was 
designated as a “dengue-hke” disorder in oidei 
not to add another colloquial term to the litera- 
ture The differential diagnosis from acute in- 
fections of the central nervous system was 
carefully studied Undoubted!}^, further obseiva- 
tion and study of this syndrome may result in 
the discovery of the etiologic agent, as has been 
done in the Texas tick fever outbreak 
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Neutropenia can result from various causes, 
uhich include inhibition of granulopoiesis in the 
bone marrow, arrest of matui ation and excessive 
destruction of neutrophils It is also a common 
associated finding in other blood dyscrasias and 
in some infections and infectious diseases 
Neutropenia that arises fiom depression of bone 
marrow often is associated with coi responding 
1 eduction of other elements formed m the mar- 
row, for example, erythiocytes and platelets 
This reduction occurs m the various types of 
aplastic anemia , in anemia secondary to roentgen 
and radium irradiation, to exposure to benzene 
and to the administration of vaiious chemicals, 
such as derivatives of the benzene ring, arsphen- 
amine, sulfonamide compounds and gold com- 
pounds, and in anemia in which the etiologic 
factor IS unknown The myelophthisic anemias 
that accompany myeloma, osteosclerosis, Hodg- 
kin’s disease, involvement of the marrow by 
metastatic carcinoma or tuberculosis, leukopenic 
forms of leukemia and Gaucher’s disease often 
are associated with neutiopenia 

In the agranulocytosis of Schultz (malignant 
neutiopenia) profound neutropenia occurs 
There may be either pronounced reduction or 
complete disappearance of granulocytic elements 
in the marrow, oi there may be an airest of 
maturation characterized by hyperplastic marrow 
with increase in the number of young granulo- 
cytic forms Darling, Paiker and Jackson ^ 
teimed the latter granulocytic anakmesis Cer- 
tain drugs, such as ammopjiine, aie common 
precipitating factors " The clinical course in the 

From the Division of Medicine, Ma>o Clinic 

1 Darling, R C, Parker, F, Jr, and Jackson, 
H , Jr The Pathological Changes in the Bone Mar- 
row in Agranulocytosis, Am J Path 12 1-12 (Jan ) 
1936 

2 Kracke, R R Relation of Drug Therapy to 
Neutroipenic States, JAMA 111 12S5-12S9 (Oct D 
1938 Madison, F W , and Squier, T L The Etiol- 
og\ of Primary Granulocytopenia (Agranulocytic An- 
gina), ibid 102 755-759 (March 10) 1934 Fitz-Hugh, 
T , Jr Sensitivity Reactions of the Blood and Bone 
klarrow to Certain Drugs, ibid 111 1643-1647 (Oct 
29) 1938 


leported cases t\as acute, with teimination m 
death or m complete recovery 

Neutropenia commonly is associated with 
blood dyscrasias such as pernicious anemia and 
the so-called Banti syndiome In some specific 
infections, such as tuberculosis, influenza, 
malaria, measles and dengue fever, neutiopenia 
frequently is encountered 

Recently Wiseman and Doan ^ i eported 5 
cases in which a syndrome called primary 
splenic neutiopenia was present The chai- 
acteiistic featuies tveie profound granulocyto- 
penia of the peiipheral blood, splenomegaly and 
myeloid hyperplasia of qualitatively normal cells 
There was also a characteristic absence of asso- 
ciated hepatic damage such as occurs in Banti’s 
sjndrome and of contiibuting factors such as 
chronic infection and use of certain drugs, and, 
finally, there was reestablishment of a normal 
leukocyte count after splenectomy The clinical 
S}ndrome i eported by Wiseman and Doan is 
thought to be closely allied to thrombopenic 
puipuia and to hemolytic icteius In piimaiy 
splenic neutiopenia the spleen either destioys 
neutiophils in excessue numbers oi inhibits 
granulopoiesis m the marrowy while in thrombo- 
penic purpuia its action is primarily against 
platelets, and in hemolytic icterus its action is 
against eiythrocytes Wiseman and Doan ob- 
seived some overlapping in the clinical chaiac- 
teiistics of the three syndromes Moore and 
Bieibaum^ and Muether and associates® also 

3 Wiseman, B K , and Doan, C A A Newly 
Recognized Granulopenic Syndrome Caused by Exces- 
sive Splenic Leukoljsis and Successfully Treated bv 
Splenectomj'^, J Clin Investigation 18 473 (July) 1939 
Pi unary Splenic Neutropenia A Newly Recognized 
Syndrome, Closely Related to Congenital Hemolytic 
Icterus and Essential Thrombocytopenic Purpura, Ann 
Int Med 16 1097-1117 (June) 1942 

4 Moore, C V , and Bierbaum, O S Chronic 
Neutropenia Treated by Splenectomy, Internat Clin 
3 86-95 (Sept) 1939 

5 Muether, R O , Moore, L T , Stewart J R , 
and Broun, G O Chronic Granulocytopenia Caused 
by Excessiv'e Splenic Lysis of Granulocytes, J A. M A 
116 2255-2257 (May 17) 1941 
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repoited 2 cases of piimaiy splenic neutiopema 

The pin pose of this paper is to lepoit an 
additional case of piimaiy splenic neutiopema 
This case presents seveial unusual featuies that 
haie not pieviously been observed 

REPORT OF A CASE 

A white woman 60 years of age was first seen by 
one of us (H M R) on Jan 30, 1942, before she 
came to the Mayo Chmc The principal complaints 
at that time were headache and coryza There were 
no symptoms referable to the respiratoi}’’, caidiovas- 
cular, gastrointestinal or genitourinary system and no 
histoiy of any type of medication prior to onset of 
the present illness The latter statement was con- 
firmed by repeated questioning of the patient and was 
substantiated by her husband No chemotherapeutic 
agents or other drugs that might depress the leukocyte 
count were administered while the patient was under 
observation For approximately ten years the patient 


occasional normoblast was present The results of 
subsequent studies of the blood are outlined m table 1 
The Kahn test of the blood was negative 
The patient’s temperature from January 30 to Feb- 
ruary 5 varied from 100 to 103 4 F (37 8 to 39 1 C ) 
The administration of liver extract, yellow bone mar- 
row extract and a liver-stomach concentrate was started 
On February 2, administration of a solution of pentose 
nucleotide was begun The dose of pentose nucleotide 
was 10 cc inti amuscularly four times daily for ten 
days and then once daily for one week Five hundred 
cubic centimeteis of blood was given on February 4 
and 9 On February 4, otitis media on the left side 
developed and necessitated paracentesis Slight serous 
drainage persisted for three weeks The temperature 
returned to normal on February 5 The patient re- 
mained listless and weak and still complained of mod- 
erate exhaustion on dismissal from the hospital on 
February 16 Subsequent transfusions of 500 cc ol 
whole blood were given on March 24 and April 10 
Weakness and exhaustion continued to be prominent 
symptoms 


Table 1 — Blood Counts and Values joi Hemoglobin Befoie Opeiahon 



I cuko 

Erytluo 




Leukocytes, per Cent * 




cytes, 

cy(c«. 

Hemo 

1 

Segmented 



< 



— ^ 


per 

per 

globin. 







Date, 

Cu Mm 

Cu Mm 

per 

Polymor 

Stab 

Juve 

Lymph 0 

Mono 

Baso 

Eo'ino 

1943 

of Blood 

of Blood 

Cent 

phonuclears 

Forms 

mlcs 

cytes 

cytes 

phils 

phils 

1/31 

1,000 



1 

7 


81 

11 



2/ 1 


3,750,000 

70 








2/ i 

975 



2 

3 


95 




2/ 4 

Transfusion of 500 cc of whole blood 










2/ 5 

1,190 



7 

7 


76 

10 



3/ C 

1,350 



11 

18 


5i 

14 

1 

2 

2 / r 

2,350 



17 

28 


44 

9 



2/ 9 

2,050 



23 

25 

2 

40 

7 


o 

u 

2/ 9 

Transfusion of 500 cc of whole blood 










2/12 

4,450 

5,050,000 

92 

27 

10 

1 

40 

8 


3 

2/23 

1,950 

4,210,000 

74 

16 

4 


71 

9 



3/ 1 

2,050 



35 

7 


50 

4 


4 

3/ 2 

2,500 



15 

5 


74 

4 


2 

3/23 

975 



4 

G 


78 

10 


2 

3/23 

Transfusion of 500 cc of w hole blood 










3/20 

2,750 

4,730,000 

SO 

22 

5 


65 

8 



4/ 8 

2,700 

4,470,000 

77 

8 

0 


81 

7 


o 

4/10 

Transfusion of 600 cc of whole blood 










4/10 

975 

4,520,000 

90 

3 

22 


70 

44 


1 

4/23 

1,700 

4,790,000 

74 

16 

3 

o 

74 

4 



5/10 

1,450 

4,300 000 

76 

17 

2 

1 

77 

3 



o/25 

1,700 



12 

3 

2 

82 

I 



0/12 

1,880 



8 

4 

1 

84 

2 


1 

0/22 

1,950 



18 

1 

2 

75 

3 


1 

8/28 

1,500 

4,010,000 

SO 

19 



61 

18 

1 

1 


had known of enlargement of the spleen, which 
was discovered by her local physician The history 
revealed nothing more of significance except the 
usual childhood diseases and tonsillectomy 

Physical examination showed that the patient was 
elderly and obese She appeared to be listless but 
was not acutely ill The temperature was 102 F 
(38 8 C), the pulse rate 80 beats a minute and the 
respiratory rate 20 The blood pressure was 130 mm 
of mercury systolic and 80 mm diastolic Examina- 
tion of the eyes, nose, throat, chest, heart and extremi- 
ties gave negative results There was no evidence of 
ulceration of the mouth or bleeding of the gums The 
abdomen was moderately distended The spleen was 
palpable 9 cm below the costal margin The liver 
was not palpable 

The concentration of hemoglobin (Sahli) w^as 70 per 
cent , erythrocytes numbered 3,750,000 and leukocytes 
1,600 in each cubic millimeter of blood The color 
index was 0 95 The percentages of the various tsmes 
of leukocytes were as follow^s segmented polymorpho- 
nuclear s 1, stab forms 7, lymphocytes 81 and mono- 
cjtes 11 There was slight polychromatophiha, and an 


On physical examination m August 1942, when the 
patient first came to the clinic, there was no essential 
change from the previous findings Roentgenologic 
examinations gave the following results The chest 
was normal except for a Ghon tubercle on the right 
The esophagus was normal, and there was no evidence 
of esophageal varices The stomach also was normal 
Examination of blood smears showed relative lympho- 
cytosis, monocytosis, thrombopenia and hypochromic 
anemia with a tendency to microcytosis of the erythro- 
cytes No immature myeloid cells were seen The retic- 
ulocyte percentage was 2 7 There was noticeable clot 
retraction at the end of one hour and complete retraction 
at the end of two hours The results of a fragility test, 
which were normal, were as follows patient, 0 46 to 
0 35 per cent , control, 0 44 to 0 34 per cent Test of hepatic 
function by the sulfobromophthalein sodium method 
showed grade 2 4- retention of dye on the basis of a 
scale of 1 to 4 in wdiich 1 designates the least and 4 
the most retention The concentration of bilirubin was 
1 2 mg per hundred cubic centimeters of serum, and 
the van den Bergh reaction was indirect The platelets 
numbered 51,000 per cubic millimeter of blood Counts 
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of leukocytes and erythrocytes in bone marrow obtained of the sinuses but no evidence of the fibrosis so com- 


on sternal aspiration are shown in table 2 

Table 2 — Results of Examination of Bone Martozv 
Obtained on Sternal Aspnation 


Ijeukocytes Ceni 

LeuLoblasts 6 

Aeutrophilic 

Premyelocytes 17 

Myelocytes 16 

Metamyelocytes 21 

Band forms 10 

Fosmophilic 

Premyelocytes 1 

Myelocytes 3 

Metamyelocj tes 1 

Lymphocytes, mature 22 


Erythrocj tes 


Per 100 
CXills 


Basophilic normoblasts 2 
Poll chromatic normo 
blasts 15 

Orthochromatic nonno 
blasts 9 

Damaged cells 31 


A. •% J, 






monly seen in Banti’s syndiome Clasmatocytes m 
increased numbers could not be found The picture 


Fig 1— Section of spleen (X 80) 

The preoperative diagnosis was primary splenic neu- 
tropenia, although Banti’s syndrome (thrombosis of the 
splenic vein) could not be eliminated 

On September 4 splenectomy was performed The 
spleen weighed 900 Gm A small ectopic spleen, which 
was situated retropentoneally in the region of the 
upper pole of the left kidney, was found and removed 
also Examination of the stomach, duodenum, pancreas 
and pelvis at operation revealed nothing abnormal 
Examination of the Iner revealed hepatitis, grade 2 
on the basis of a scale of 1 to 4 in which 1 designates 
the least and 4 the most severe condition A specimen 
was removed foi study 

Microscopic examination of the spleen showed preser- 
vation of architecture The malpighian corpuscles were 
normal in number and morphologic appearance (figs 
1 and 2) There was an increase in cellularity, but 
this did not involve the reticuloendothelial elements 
The pulp was filled with lymphocytes, erythrocytes and 
plasma cells Polymorphonuclear cells were seen but 
not in increased numbers There was some dilatation 



Fig 2 — Section of spleen (x 300) 
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Fig 3 — Section of liver (x 80) 

microscopically suggested chronic splenitis rather than 
Banti’s syndrome Studies after supravital staining 
were not done There was chronic hepatitis with fatty 
degeneration (fig 3) 
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Four hours after the operation, the leukocyte count 
was 7,600 and the erjthrocyte count was 3,860,000 per 
cubic millimeter of blood Examination of a blood 
smear revealed microcytosis and signs of increased 
regeneration of erythrocytes The followung day, nu- 
merous neutrophils w'cre seen in the blood smear, and 
regeneration of erythrocytes w'as more active The 
results of subsequent hematologic studies are recorded 
in table 3 The postoperative course was complicated 
b> development of atelectasis of the lower lobe of the 
left lung accompanied by pleural effusion This sub- 
sided spontaneously wuthout the use of chemotherapeutic 
agents 

During the two \ears since the operation, the pa- 
tient’s health has been excellent, and the picture with 
reference to the blood has remained normal There 
has been no evidence of hepatic msufficienci On April 
27 1943 hepatic function as indicated b\ the sulfo- 
bromophthalein method was normal 


operation, there has been no evidence of progres- 
sive hepatic disease On the contrary, the evi- 
dence of hepatic damage noted before the opera- 
tion has disappeared The fact should be empha- 
sized that hepatitis may occur in primary splenic 
neutropenia but that this complication, although 
it increases the i isk, does not contraindicate oper- 
ation and apparently does not decrease the pros- 
pect of the ultimate cure 

Wiseman and Doan studied the cells of the 
splenic parenchyma by means of supravital stain- 
ing and obsen'-ed pronounced increase in the 
number and activity of the macrophages The 
macrophages were actively engaged in phago- 
cytosing neutrophils and erythroc}tes While 
supravital studies were not performed in our 


Table 3 — Blood Counts and Values foi Hemoglobin After Opeiation 
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COMMENT 

The foregoing case fulfils in general the clin- 
ical requirements of the syndrome of primary 
splenic neutropenia Profound granulocyto- 
penia, myeloid hyperplasia of bone marrow 
splenomegaly and thrombopenia were observed 
prior to splenectomy Normal leukocyte and 
platelet counts were established after operation 
The clinical cure by splenectomy of a patient 
who had pronounced granulocytopenia for eight 
months should be emphasized However, in two 
features, namely, the associated evidence of 
hepatic disease and the microscopic appearance 
of the spleen, this case differs from the original 
cases reported 

The presence of hepatic disease manifested 
by retention of dye, grade 2, in the sulfobromo- 
phthalein test, gross changes in the liver seen at 
operation and the finding of chronic hepatitis 
with fatty degeneration on biopsy has not been 
reported previously in association with primar)' 
splenic neutropenia In the twm years since the 


case, sections of the spleen re\ealed no evidence 
of hyperplasia or phagocytic activity of the 
reticuloendothehum or of presence of free macro- 
phages in the pulp This observation agree'^ 
with that of Muether and his associates While 
the clinical syndiome of primary splenic neutro- 
penia seems well established, the microscopic 
appearance of the spleen does not seem to be 
constant 

While other investigators have expressed the 
opinion that excessive destruction of neutrophils 
in the spleen is the cause of neutropenia m this 
syndrome, absence of increased phagocytic ac- 
tivity of the reticuloendothehum in 2 of the 8 
cases reported to date raises the question of some 
other etiologic mechanism Moore and associates 
hypothesized concerning the existence of a sub- 
stance termed a leukolysin, w'hich was formed 
in the spleen and caused suppressed leukopoiesis 
in the bone marrow’^ Although the marrow ap- 
peared to be more cellular after splenectomy 
than it w'as before, they felt that this change 
might be due to errors inherent in the technic 
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of sternal puncture However, the formation of 
leukolysm m the presence of this syndiome, in 
oui opinion, has not been dispioved 

The difterential diagnosis in oiii case pre- 
sented some interesting possibilities Banti’s 
s}ndiome, or thrombosis of the splenic vein, was 
seriously considered as a cause of the leukopenia 
and neutropenia because of the pieoperative 
evidence of hepatic damage In view of the 
duration of the splenomegaly and neutiopema, 
however, esophageal varices and pionounced 
anemia would probably have been piesent in 
association with Banti’s disease Anemia was 
never a feature of this case, as the ei}throcyte 
count was within noimal limits except for those 
changes that might result fiom loss of blood at 
operation Micioscopically, the absence of evi- 
dence of hepatic cirrhosis, uhich might have 
been expected because of the duralion of the dis- 
ease, and the appearance of the spleen were 
against a diagnosis of Banti’s disease The im- 
piovement after operation, uith clinical and 
laboratory evidence of disappeaiance of hepatic 
damage, is furthei evidence against this S)n- 
drorae 

Malignant neutropenia was considei ed but was 
eliminated by the chronicity of the hematologic 
findings and the fact that the condition uas not 
piecipitated by a drug Finally, splenomegaly 
IS not an associated finding in malignant neutro- 
penia 


The splenomegaly and neutropenia raised the 
question of aleukemic leukemia, but the absence 
of immature forms in the smeais of peripheral 
blood as well as absence of pronounced shift to 
the left in the bone marrow weie sufficient evi- 
dence against this diagnosis 

Aplastic anemia was considered in view of the 
low leukocyte count with depression of granulo- 
cytes and associated thrombopenia, but the normal 
number of erythrocytes and the results of exami- 
nation of bone mai row eliminated this diagnosis 

SUMMARY 

A case that fulfils the clinical criteria of pri- 
mal y splenic neiiti openia was observed This is the 
eighth case of that disease reported m the litera- 
ture The predominating features were pro- 
found neutropenia, thrombopenia, splenomegaly 
and myeloid hyperplasia of bone mariou Cure 
was effected by splenectomy The presence of 
hepatic damage associated with primaiy splenic 
neutropenia is leporled for the first time This 
complication occurring with priman splenic 
neutropenia does not conti aindicate splenectomy 
The details of the microscopic appearance of the 
spleen in oui case Aaned to some extent fiom 
those in the pre^ lously reported cases Primary 
splenic neutropenia, as uell as thrombopenic 
puipura, congenital hemolytic icterus and Banti’s 
disease (thrombosis of the splenic ^e^n), is a 
clinical indication tor splenectoiu} 
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A Stud} of 1 000 1101 nial pci sons and 272 vith 
inpcrtension b\ Amsteidain and Anisteidam 
lexcalcd sinking diiicrcnccs in SNStolic blood 
picssurc in the two aims in both groups The 
difTerences were gicatei m the group witli In pci - 
tension than in the noimal subjects, and the pies- ' 
sure was commonh highci in the light than in 
the left arm The difieiences m diastolic pres- 
suie were less pionounccd Age and sck weic 
not factors Disparities weic noted m 76 4 pei 
cent of the noimal persons and in 89 3 pei cent of 
those with hypertension In some cases, pailicu- 
larl) in the Inpeitensne gioup, the dilleiences 
weic remarkable This study leicals the impoi- 
tance of making obser\ations on both aims One 
•^idc shoul,d itot be compared to the othei, and 
follow-up observations should always be made on 
the same side The causes for such dispaiit} in 
blood piessure readings he in the anatomic varia- 
tions of the mam Aasculai blanches of the aoitic 
ai ch 

An interesting obsenation has been made by 
Roth, Robinson and Wildei on the effect of the 
cold pressor test on patients wnth Addison’s dis- 
ease Some of these appaiently show' an in- 
creased response to the standaid cold stimulus 
When they w'eie tieated with desoxycoi ticos- 
teione acetate, the blood pressuie lose in prac- 
tical!} all instances, and m some cases to 
Inpertensive levels In those m wdiom the le- 
sponse to the cold piessor test was paiticularly 
marked, the maximum and the eailiest use in 
piessure after treatment w'cre wath the ding in 
question 

96 Amsterdam, B , and Amsteidam, A L Disparity 
m Blood Prcssuies m Both Arms in Noimals and 
Hypertensives and Its Clinical Significance A Study 
of 1,000 Normals and 272 Hypertensives, New York 
State J Aled 43 2294 (Dec 1) 1943 

97 Roth, G M , Robinson, F J , and W ilder, R M 
Changes of Systolic and Diastolic Blood Pressure and 
the Response of the Blood Pi essure to the Cold Pressor 
Test Among Patients Suffering from Addison’s Disease 
During Treatment with Desoxycorticosterone Acetate, 
Proc Staff Meet , Mayo Clin 18 450 (Nov 17) 1943 


Russek takes issue with Hines and Biown 
as to the interpietation of the response to the 
cold piessor test He is of the opinion that hyper- 
leaction cannot be legarded as a characteiistic 
of hypei tension He found that there w'as a 
definite mciease m the numbei of hypei reactois 
among oldei patients This may be illustrated by 
the finding that in the 40 to 49 year age group 
the incidence w'as 24 2 per cent and that in the 
60 to 69 yeai group it was 56 1 per cent The 
axeiage response of both hyporeactois and 
h} pel reactoi s inci eased with age, so that he 
assumed that a pei son who was a hypoi eactoi at 
40 vears might become a hypei reactor when he 
1 cached the age of 60 Such an inci eased i esponse 
he “attiibuted to changes in the thieshold foi pain 
and increasing x asomotor lability xvith succeeding 
decades ” The x lexv that a hypei reaction to the 
cold pressor test is a characteiistic of an indi- 
vidual foi his lifetime cannot be held in the light 
of Russek’s observations The hyperresponse of 
oldei individuals beais no i elation to hyper- 
tension. noi IS It related to a family histor} of 
hypertension 

Observations on blood pressure made by 
Alam and Smiik®° on normal men showed tliat 
casual blood pressures, that is blood pressures 
talcen abiuptly xvithout preparation, compared 
xvith those taken after one-half hour of rest and 
elimination of emotional reaction to the pro- 
ceduie, xxeie constantly highei Hypertensive 
patients xxith pressures which averaged 195 
systolic and 116 diastolic in the casual leading 
had x'alues of 151 systolic and 95 diastolic under 
the basal conditions imposed These findings 
lend to confiim similar observations reviewed 
pieviously As might be expected, the diffei- 

98 Russek, H L The Significance of Vascular 
Hyperreaction as Measured by the Cold Pressor Test, 
Am Heait J 26 398 (Sept) 1943 

99 Alam, G M , and Smirk, F H Casual and 
Basal Blood Pressures I In British and Egyptian 
Men, Brit Heart J 5 152 (July) 1943 , II In Essen- 
tial Hypertension, ibid 5 156 (July) 1943 Gatman, M , 
Amm, M , and Smirk, F H Casual and Basal Blood 
Pressures III In Renal Hypertension, ibid 5 161 
(July) 1943 
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ences between casual and basal blood pressuie 
weie much less m cases m which the in- 
creased pressure was due to renal disease The 
blood vessels in hypertension should be no moie 
reactive to vasomotor stimulation than those of 
normal persons if the increased blood pressuie is 
due to actual renal disease 

Rogeis and Palmei in a discussion of 
“nervous hypertension” comment on its fre- 
quency as noted during physical examination of 
candidates for the armed forces In one month, 
222 examples of mild transient or variable hyper- 
tension were found during the examinations of 
1,574 men The systolic piessuie varied from 
140 to 160 and the diastolic from 95 to 110, 
rarely rising as high as 120 About one third 
had systolic hypertension only 

Such persons with transient nervous hyper- 
tension (or casual hypertension) often showed 
other phenomena of sympathetic stimulation 
such as tachycardia, sweating and pilomotoi re- 
action These men also showed a pressoi 
1 espouse to cold greatei than that observed in 
normal peisons, but less than that m persons 
with actual mild, early hypertension The 
authors are of the opinion that this type of hyper- 
tension carries with it an excellent prognosis in 
regard to both mortality and morbidity This is 
based on a follow-up study of 25 cases 

It would seem that the subjects having only 
an increased systolic pressure must be separated 
trom those having a diastolic use as well Those 
in the latter group, according to most opinion, 
are -candidates for permanent essential hyper- 
tension later in life They might be expected 
to be hyperreactois to the cold pressor test 

The appearance of acute hypertension has 
been described as one of the features of acute 
toxic nephrosis resulting from carbon tetia- 
chloride poisoning It occurs relatively late in 
the course of the disease, after renal swelling in- 
creases the mtrarenal pressure This, Corcoran, 
Taylor and Pope suggest, results in decreased 
mtrarenal pulsation, which they regard as the 
most piobable mechanism for the production of 
the renal pressor substance Hypersensitivity 
to epinephrine was another feature of this dis- 
order All symptoms, including the hyperten- 
sion, disappeared in the case described 

As a result of observations based on the use 
of spinal anesthesia in patients with hypertension 
and in normal persons, Gregory, Lindley and 

100 Rogers, W F, and Palmer, R S Transient 
Nervous Hypertension as a Military Risk Its Relation 
to Essential Hypertension, New England J Med 230 
39 (Jan 13) 1944 

101 Corcoran, A C , Taylor, R D , and Page, I H , 
Acute Toxic Nephrosis Following Carbon Tetra-Chlo- 
ride Poisoning, JAMA 123 81 (Sept 11) 1943 


Levine suggest that essential hypertension 
may have a vasomotor mechanism arising in the 
central nervous system as well as the generally 
accepted humoral renal mechanism The basis 
of this suggestion was the observation that blood 
pressure of patients with hypertension fell to 
relatively low levels during high spinal anesthesia 
and returned promptly to its former level as the 
anesthetic action subsided In persons with noi - 
mal arterial pressui e, there was only a slight fall 
Epinephrine had its usual effect on the vasomotor 
mechanism during anesthesia and at the time 
blood pressure was found to be lowest 

Page, Taylor, Corcoran and Mueller^”® de- 
scribed the same procedure, spinal anesthesia to 
the nipple line, as a means of differentiating what 
they prefei to label “neurogenic” hypertension 
fiom essential l^pertension No consistent 
change of arterial pressure, renal blood flow oi 
resistance was noted m patients with essential 
hypertension In a group of 8 patients with so- 
called “neurogenic” hypertension, all but 1 
showed a fall in arterial pressure All showed an 
increase in renal blood flow They state that 
such findings point to a participation of a neuro- 
genic vasomotor mechanism in the arterial hyper- 
tension of certain patients They believe that 
spinal anesthesia offers a means of differentiating 
the neurogenic from the renal type of essential 
hypertension * i 

'Page has amplified his views on this subject, 
and suggests that interruption of vasoconstrictor 
pathways in patients with so-called “neurogenic” 
hypertension results in actual renal vasodilatation, 
while in patients with hypertension of the type in 
which the renal pressor mechanism is predomi- 
nant removal of v^asoconstrictor impulses has 
little or no effect 

It would seem reasonable to regard “neuro- 
genic” hypertension not as a separate disease but 
as an earlier stage of essential hypertension Cer- 
tainly there is good reason to believe that in every 
case of essential hypertension in which the . 
VICIOUS circle of the renal humeral mechanism has 
been established there must be an inciting stage 
This stage is not the same in all cases Several 
mechanisms are known, the toxemia of piegnanc) 

102 Gregory, R , Lindley, E L, and Levine, H 
Studies on Hypertension II The Effect of Spinal 
Anesthesia on Blood Pressure of Hypertensive Patients , 
Its Possible Bearing on the Pathogenesis of Essential 
Hypertension, Texas Rep Biol & Med 1 167, 1943 

103 Page, I H , Taylor, R D , Corcoran, A C , 
and Mueller, L Correlation of Clinical Types with 
Renal Function in Arterial Hypertension II Effect of 
Spinal Anesthesia, JAMA 124 736 (March 11) 
1944 

104 Page, I H Certain Aspects of the Relation- 
ship Between Hypertension and Anesthesia, Anesth & 
Analg 22 196 (July-Aug) 1943 
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foi one example but piobably in most instances 
the condition is neuiogenic in that it is chaiac- 
teiized by a ^asomotol mechanism which is 
In pel sensitn e to stimulation whethei that stimu- 
lus be cold 01 emotion This emotional oi 
neuiogenic oi ps} chosomatic hypei tension is the 
“casual hypei tension” of Alam and Smiik All 
of these terms lefei to the same thing, one of the 
initiating mechanisms of essential hypei tension 
Attention has been lepeatedly called to the tem- 
poran use in blood piessuie seen so fiequently 
as a lesiilt of the emotional stress of physical 
examination^'’^ The significance of this vaii- 
abilit) of pressuic has not been completely estab- 
lished, but that it IS significant m at least some in- 
stances of progiessnc hjpei tension cannot be 
doubted, since such AaiiabihU is seen in suf- 
ficient numbers of Inpeitcnsne patients to make 
the impiession at least moic than siiggcstuc 
Apparentl} , Hines s \ lews are similai 

Friedman and Kasanm studied the renal 
blood flow and glomei iilai filti ation rate in identi- 
cal tu ins, aged 54 at the time of stud} One had 
model atel} se\ ere essential h} pci tension Blood 
flow and glomerulai filtiatioli iiere leduced in 
both The essential difiercnce in the 2 indn iduals* 
^\as in the personality The patient with hyper- 
tension ^^as much moie d}namic and energetic 
than Ins brother and piesented some of the othci 
psychologic characteristics yyhich ha\e been 
associated y\ith hypertension Fioni this study, 
the authors suggest that psychologic factors arc 
impoitant in the genesis of hypertension It is 
difficult to draw any other definite conclusion 
from this paper. One of these twins possessed 
an inciting factor foi his hypertension in his 
psychologic makeup uhich was absent in the 
othei 

Trasoff and Schneeberg evaluated the 
natural concentiations of thiocyanates m the 
blood of normal human beings The average 
levels noted amounted to 1 31 mg per hundred 
cubic centimeters of blood They believe that no 
important factor in the legulation of blood pres- 
sure can be asciibed to the normally occurring 
blood thiocyanates It is inteiesting to note that 
habitual heavy tobacco smokers seemed to have 
levels yyell above the aveiage concenti ation 

105 Hypertension in Alilitary Service, editorial, J A 
M A 123 702 (Nov 13) 1943 

106 Hines, E A , Jr Hypertension in Military 
Service, Correspondence, JAMA 124 667 (March 
4) 1944 

107 Friedman, M , and Kasanm, J T Hypei tension 
in Only One of Identical Twins, Arch Int Med 72 
767 (Dec) 1943 

108 Trasoff, A, and Schneeberg, N G The Natu- 
rally Occurring Blood Sulfocyanates and Their Relation 
to Blood Pressure, Am J jSI Sc 207 63 (Jan ) 1944 


Golden, Dextei and Weiss have made a most 
impoitant clinical study of the development and 
couise of the vasctilai disease initiated by the 
toxemia of piegnancy, of which hypertension is 
an essential chaiacteiistic The pattern of this 
chionic lenal vasculai disease piesents itself in 
two vaiiations One is piedominantly vascular, 
with only late manifestations of renal disease 
which follow the same pattern as essential hypei - 
tension, the other, m addition, thioughout its 
couise shows considerable evidence of renal dis- 
ease, with albuminuiia, casts and cells in the 
urine, indicating the piesence of glomerular dam- 
age much like that of glomei ulonephritis Both 
foi ms have the same inciting mechanism, namely, 
the toxemia of piegnancy This the authois 
define as an acute vasculai disordei chaiacter- 
ized by the appearance in the lattei half of preg- 
nancy of an abnormal elevation of blood pressui e 
above the prepregnancy level or an increase in 
the degiee of albuminuria above that existing 
prior to pregnancy in the absence of other obvious 
cause Geneial edema is often associated These 
S3mptoms may diminsh before or after delivery 
The hypertension may disappeai entiiely aftei 
delivery, as it does in most instances, or it may 
persist or disappear for a variable latent period 
and then recur Albuminuria may or may not 
accompany the hypertension 

“The most important factor determining the 
peisistence of postpartum hypei tension is the 
duration of the hypei tension or the albuminuria 
during pregnancy no matter how mild it is Of 
decidedly secondary importance is the seventy of 
the toxemia ” The disordei may exist in a mild 
oi latent phase piior to pregnane}'-, as indicated 
by a previous mild elevation of blood pressure, 
but in the majority of cases in the report the 
blood pressure was normal either before or in the 
early stages of pregnancy The authors indicate 
that in some instances the piior presence of 
hypertension is difficult to determine, but that 
would seem to be of relatively little importance, 
since the condition is aggravated In such a case, 
instead of one, two inciting factors are operating 

The course of the disorder in those cases in 
which permanent vasculai disease develops after 
toxemia is progressive either slowly or rapidly 
In its course, it is identical with essential hyper- 
tension It may increase gradually and slowly, 
the malignant phase may make its appearance at 
any time, or may not develop, oi the course may 
be that of malignant nephi osclerosiS from the 
start 

Those cases in which albuminuria was a pre- 
dominant finding during piegnancy follow a 

109 Golden, A , Dexter, L , and Weiss, S Vascular 
Disease Following Toxemia of Pregnancy, Arch Int 
Med 72 301 (Sept) 1943 
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course which lesembles moie nearly that of 
glomerulonephritis and may terminate in ui emia 
The hypertensive form pursues more nearly the 
course of vascular disease, and is characterized by 
cerebral vascular accidents and cardiac disease 
\\ ith hypertrophy and failure In the later stages 
both types become indistinguishable from then 
counterparts of glomerulonephritis or essential 
hypertension both clinically and pathologically 
The retinal findings are identical with those of 
essential hypertension 

The only important diffeience clinically and 
pathologically between this and other types of 
hypertensive renal vascular disease lies in its 
initiating factoi, which here is an acute angio- 
spastic vascular disease, usually of relatively 
short duration, which terminates after having 
brought into activity the vicious circle of the 
renal pressor humoral mechanism with whatever 
other complicating factors may later intrude 
themselves in this pattern A factor of considei- 
able importance is that the inciting mechanism, 
unless more than one exists, is no longer active 
This IS not true m the majority of cases of so- 
called essential hypertension 

Master, Jaffe, Back and Silver in their study 
of blood pressure in cases of coronary occlusion 
found a fall in blood pressure in all cases, but in a 
few the fall was slight The patients who had 
hypertension rarely showed a fall below 90, but 
such a fall was not uncommon m the group with 
normal arterial pressure In approximately one 
fifth of the patients with a previous systolic blood 
pressure of 200 or more, the blood pressure did 
not fall below 150 In two thuds of those with 
hypertension the blood pressure regained an in- 
creased level This took place either promptly or 
within a year or two 

The mechanism by which such a fall in blood 
pressure is activated still remains obscure, that 
it IS on the basis of cardiac impairment alone is 
doubtful Such a fall m diastolic pressure could 
not be motivated m this manner 

Further evidence that there is a distinct corre- 
lation between the severity of the hypertensive 
process m man, as indicated by renal clearance 
studies, and the severity of the vascular disease 
process, has been shown In instances in 
which there was minimal vascular disease, no 
impairment in glomerular filtration rate or renal 

110 Master, A M , Jaffe, H L, Back, S, and 
Silver, N Course of Blood Pressure Before, During 
and After Coronary Occlusion, Am Heart J 26 92 
(July) 1943 

111 Talbott, J H , Castleman, B , Smithwick, R H , 
Melville, R S , and Pecora, L J Renal Biopsy Studies 
Correlated with Renal Clearance Observations in Hyper- 
tensive Patients Treated by Radical Sympathectomy, J 
Clin Investigation 22 387 (May) 1943 


blood flow could be demonstrated In cases m 
which there was advanced vascular disease, both 
were reduced The lenal clearance remained un- 
altered after bilateral lumbodorsal sympathec- 
tomy except that in 20 pei cent of the cases it was 
temporarily reduced, m some instances for as 
long as a year Eventually, however, the blood 
flow returned to the preoperative level 

Further observations by Foa, Foa and Feet 
on anatomic changes in the vascular system in 
patients with hypertension are reported Three 
hundred and fifty cases in which sympathectom) 
was done were studied by determination of the 
latio of w^all to lumen of the arterioles m biops) 
specimens of muscle Those patients whose 
arteiioles show^ed much thickening of the walls 
had the more severe symptoms, showed poor 
theiapeutic response and had a high mortality 
lale Advanced aiteriosclerosis was found to be 
a bad piognostic indication, and for this leason 
the wuiters believe that simple biopsy of muscle is 
an important factor in determining the severity of 
the condition m a given case and whether or not 
the v'ascular disease process is a reversible one 
Onty poor lesults can be expected when theie is 
.marked sclerosis of the arteriolar walls The 
presence of normal wall to lumen ratios indicates 
an early fonn of the disease in which the vaso- 
motor mechanism plays the most important role 

Page 113 J-JJ 5 associates have attempted to 
learn the identity of the lenin activator by elec- 
trophoretic studies on the blood serum of the hog 
By this process, five distinct proteins were found 
and it w^as possible to obtain a globulin fraction 
w'hich was as effective a renin activator as whole 
seium This has been identified as a globulin 
They suggest that, instead of calling this sub- 
stance "renin activatoi ,” it be designated as 
“renin substrate. A, globulin ” Thus it w ould 
appear to be true that renin has the characteiistics 
of an enzyme, which when it acts on this globulin 
fraction produces "angiotonm” or hypertensine ” 

Yuile has reviewed the reported cases of 
hypertenson associated with pathologic changes 
in one oi both lenal aiteiies He has classified 

112 Foa, P P , Foa, N L , and Peet, M M 
Arteriolar Lesions in Hypertension A Study of 350 
Consecutive Cases Treated Surgically, an Estimation 
of the Prognostic Value of Muscle Biopsy, J Clin 
Investigation 22 727 (Sept) 1943 

113 Plentl, A A , Page, I H, and Davis, W W 
The Nature of the Renm Activator, J Biol Chem 147 
143 (Jan ) 1943 Page, I H , Helmer, O M , Plentl, 
A A , ICohlstadt, K G , and Corcoran, A C Sug- 
gested Change in Designation of Renin Activator 
(Hypertensinogen) to Renin Substrate (A 2 Globulin), 
Science 98 153 (Aug 13) 1943 

114 Yuile, C L Obstructive Lesions of the Main 
Renal Artery in Relation to Hypertension, Am J M 
Sc 207 394 (Maich) 1944 
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the causative changes as follo^\s 1 Intnnsic 
factois, such as atheioscleiolic plaques, which 
aie piescnt in the majonty of instances Throm- 
bosis embolism and congenital defects conipnse 
the lemamder of this group 2 Extimsic fac- 
tors, including kinking oi torsion, aneuiysm of the 
lenal artery and extrinsic piessure He con- 
cludes that the actual numbei of repoi ted cases of 
h\ pel tension associated with “obstuictive lesions 
of one 01 both mam lenal artciies m man is not 
large and m only a small pei ccnlage of these can 
a definite etiologic relation be established betw eeti 
the \ascular lesion and the elevation of blood 
piessure ” He feels that too much impoitance 
has been guen to the coincidence of these twm 
disoiders and that no conclusion can be drawm 
because m most of the instances the combination 
has been noted m pathologic examination 

Richaidson bclieies that atheromatous 
plaques in the mam renal ai tenes ma}' be capable 
of interfei iiig w ith the circulation of blood thi ough 
the kidneys to produce a ttpe of hypei tension 
analogous to experimental hypertension The 
basis of this opinion lies in pathologic obsena- 
nons at autops} Twentt -fi\ c of 32 patients w ith 
In {Xirtension showed the presence of athero- 
sclerotic plaques in one or both renal arteiies 
with some apparent stenosis m each instance 
Of 113 patients studied at autopsy who did not 
ha^e hypertension, onl) S show'ed plaques, and 
m only 3 were the} comparable to those seen 
in the hypertensn e group 

In a contribution to the theoiies in regaid to 
lenal blood flow' in experimental hypertension, 
Coiiigan and Pines conclude that such 
h}pertcnsion depends on the disturbance of bal- 
ance betw'een the venous pressure and the 
arterial blood pressui e wnthin the kidney When 
the relative venous pressure is inci eased, stasis 
may occur in the renal capillaiies and blood flow^ 
become short circuited through the arteriovenous 
shunts As a consequence of this disturbance in 
blood flow', tissue is deprived of normal blood 
supply, and the renal pressor substance is then 
produced They were able to restore the proper 
arteriovenous pressui e balance in their experi- 
mental animals, with a consequent reduction of 
blood pressure This they legard as proof that 
the pressor substance no longer is produced when 
the venous pressui e lelationship is restoied to 
normal 

115 Richardson, G O Atherosclerosis of the Mam 
Renal Arteries in Essential Hypertension, J Path & 
Bact 55 33 (Jan) 1943 

116 Corrigan, F P , and Pines, I Renal Circula- 
tion After Compression of the Renal Artery According 
to Method of Goldblatt Study of the Influence of Renal 
Venous Runoff on Experimental Hypertension, Surgery 
14.88 (July) 1943 


Biaasch and Stiom have laised the question 
as to whethei oi not renal injury may result in 
abnoimal elevation of blood pressure A group 
of cases W'as studied, and it seemed that m those 
cases m wdneh there was secondaiy infection 
hypei tension was most likely to occur In 3 of 
5 cases m which operation (nephrectomy) was 
done, blood pressure which was elevated returned 
to noimal The authors comment that when 
hypertension exists following renal injury it is 
not possible to deteimine whether the injury is a 
causal factor in the hypertension unless reason- 
ably accuiate records of the patient prior to in- 
juiy are available 

As a result of his review of the literature on 
the subject and his own experience, Sensen- 
bach IS of the opinion that unilateral renal dis- 
ease IS only larely the cause of hypei tension 
Isolated case leporls have tended to give this 
impression, but evaluation of larger gioups of 
cases denies it Furthermore, removal of a kid- 
ney which possesses any function at all may be 
follow'ed by an increase m arterial tension rather 
than reduction, even though the function of the 
remaining kidney appears to be normal The 
age of the patient and the duiation of hyper- 
tension are important factors m the selection of 
suitable cases for nephrectomy 

This might be explained by the theory that, 
even though the inciting factoi, that is, the dis- 
eased kidney, may be removed in such cases, the 
vicious circle renal mechanism in the other kid- 
ney remains effective, further, that aitenolar 
sclerosis may have reached a degree in the appar- 
ently “normal” kidney which has been sufficient 
to alter renal blood flow Thus it would seem to 
be important to perfoim opeiations of this kind 
early in the course of disease, befoie peimanent 
change has taken place m the remaining renal 
vascular structures 

Weiss and Chassis repoi t a single case of 
chronic unilateral pyelonephritis with moderate 
hypertension of shoit duration (one and one-half 
years) Removal of the diseased kidney failed to 
result in reduction of blood pressure The re- 
maining kidney showed no. evidence of disease 
Effective renal blood flow, glomerular filtration 
rate and tubular excretory capacity weie all in- 
creased postoperatively The authors conclude 
that pyelonephritis in this case had no bearing 
on the causation of the hypertension • 

117 Braasch, W F , and Strom, G W Renal 
Trauma and Its Relation to Hypertension, J Urol 50: 
543 (Nov) 1943 

118 Sensenbach, W Effects of Unilateral Nephrec- 
tomy in Treatment of Hypertension, Arch Int Med 
73 123 (Feb) 1944 

119 Weiss, E , and Chassis, H Failure of Nephrec- 
tomy to Influence Hypertension in Unilateral Kidney 
Disease, JAMA 123-277 (Oct 2) 1943 
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Wilhelm and Gross leport an interesting 
case of the Cushing syndrome, presenting the 
characteristic features of this condition with 
blood pressuie of 190 systolic and 118 diastolic 
The tumor was demonstrated by a special roent- 
genologic technic The concentration of urinary 
estrogen was normal, and the androgen content 
was greatly elevated, which suggested that the 
tumor was benign The neoplasm was removed 
surgically, blood pressure and othei featuies of 
the disease returned to normal 

The observations of Warthin and Thomas 
indicate that hypertension induced by clamping 
the renal arteries in dogs persists even when 
renal blood flow is normal For the first three or 
four weeks blood flow was i educed, and exci etion 
of phenolphthalem (phenol red) remained well 
below normal foi four to seven weeks, after 
which it likewise leturned to normal These 
observations were made on 3 animals with single 
explanted kidneys The same conclusion was 
reached as the result of measuiement of the urea 
clearance in 2 animals with lenal hypertension 
and 2 with neurogenic hypertension With 
neither high nor low protein intake was there 
any effect on arterial pressure which could be 
regarded as sufficiently great to be important 
The same conclusions were leached when the 
same animals were used to study the inulin and 
diodrast clearances Blood flow and renal 
function remained unimpaired The response to 
increase in the protein intake was the same as it 
vas in normal animals 

It has been possible to produce experimental 
chronic hypertension in dogs by mteimittently 
ligating the arteries supplying the head 
Removal of the carotid sinus had no lasting effect 
on blood pressure, nor was manipulation effective 
in altering it 

120 Wilhelm, S F , and Gross, S Surgical Re- 
moval of Adrenal Adenoma with Relief of Cushing 
Syndrome, Am J M Sc 207 196 (Feb ) 1944 

121 Warthin, T A , and Thomas, C B Studies in 
Experimental Hypertension I Phenol Red Excretion 
and Renal Blood Flow in Hypertension of Renal Origin, 
Bull Johns Hopkins Hosp 72 203 (April) 1943 

122 Alpert, L K , and Thomas, C B Studies on 
Experimental Hypertension II The Effect of Dietary 
Protein on the Urea Clearance and Arterial Blood 
Pressure in .Chronic Hypertension, Bull Johns Hopkins 
Hosp 72 274 (May) 1943 

123 Alpert, L K , and Lihenthal, J L , Tr Studies in 
Experimental Hypertension HI The Effect of Dietary 
Protein on the Clearances of Diodrast and Inulin by the 
Kidney in Chronic Hj'pertension, Bull Johns Hopkins 
Hosp 72 286 (May) 1943 

124 Fishback, H R , Dutra, F R , and MacCamy, 
E T Production of Chrome Hypertension in Dogs by 
Progressive Ligation of Arteries Supplying the Head, 
J Lab & Clin Med 28 1187 (July) 1943 


Cromartie has described an inflammatory 
disease of rats in which there was a general 
arteritis of a type which pathologically resembled 
periarteritis nodosa m man This was induced 
by application of layers of cotton cloth to the sui - 
faces of one or both kidneys In some instances, 
perinephritis developed with arterial hyperten- 
sion, in some, only hypertension, and in others, 
only suppurative disease of one or both kidneys 
After prolonged feeding of a diet deficient in the 
heat-stable fractions of the vitamin B complex, 
hypertension is induced in rats Associated ab- 
normal phenomena aie found in the kidneys of 
such animals The surface becomes gianular The 
afferent arterioles of the glomeruli show suben- 
dothelial hyaline deposits which encroach on the 
lumen The interlobular arteries show the same 
changes, and in addition degeneration of the 
media occurs Circulation is also impaired The 
glomeiuli are reduced in size, and the basement 
membrane is thickened In some respects these 
lesions are similar to those seen in the kidneys 
of human beings with hypertension 

Selye and his associates were able to pro- 
duce nephrosclerosis with arterial hy^pertension 
in rats by the administration of an overdose of 
desoxycorticosterone acetate, particularly if a 
high intake of sodium chloride was maintained 
Rather severe edema developed in these animals, 
and cardiac failure was a frequent cause of death 
The pathologic pattern was similar to that of 
malignant nephosclerosis, with hyaline and 
necrotic degeneration of the arteriolar walls 
The medical treatment of essential hypei ten- 
sion has made no progress in the past year The 
status of thiocyanate theiapy remains the same 
Toxic effects and complications of its use are the 
most important contributions The promise of 
depressor renal extracts continues unfulfilled 
The chief hope lies in a better understanding of 
the inciting mechanisms, and surgical treatment 
at the present time offers the most benefit in 
actual control of the disease The many and 
widely different nostrums are proof, to para- 
phrase an old adage, that when no specific 
treatment exists there are a thousand cures 
Kapernick found no particulai value for the 
reduction of blood pressure in hypertension in 
the use of such drugs as theobromine, theobro- 

125 Cromartie W J Arteritis in Rats with Experi- 
mental Renal Hypertension, Am J M Sc 206 66 
(July) 1943 

126 Calder, R M The Renal Pathology of Nutri- 
tional Hypertension in Rats, J Exper Med 79 215 
(Feb) 1944 

127 Selye, H , Hall, C E, and Rowley, E M 
Malignant Hypertension Produced by Treatment with 
Desoxycorticosterone Acetate and Sodium Chloride, 
Canad M A J 49 88 (Aug) 1943 

128 ICapernick, J S The Blood Pressure in Essen- 
tial Hjpertension Effect of Several Reputedly Hypo- 
tensive Drugs, Am Heart J 26 610 (Nov ) 1943 
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mine and phenobai bital sodium, locapial, theo- 
phillme ethylenediamme, phenobarbilal, eiyth* 
tntil tetianitrate, liepvisc and albmm 
According to his observations, no depiession of 
blood pressure can be expected fi oni their use 

Forster lias leiiewed the use of sodium oi 
potassium thiocyanate m the tieatment of hyper- 
tension This papei includes, biiefly, the most 
important contiibutions on the subject, including 
the pharmacodynamic eftects, toxic actions and 
clinical use of these drugs He concludes that 
the inajonW of clinical •v\oikeis believe thiocy- 
anates lia\e a definite effect in the reduction of 
ele\ated blood pressuie, but that this has not 
been demonstrated experimentally It is 
emphasized that drugs of this kind are not a cme 
foi h}'pertension and that relief of subjective 
SMuptoms bears a minimal i elation to the fall in 
blood pressure secured 

In 20 patients \Mth h}pertension tieated with 
vitamin A, Blumenthal and Wetheiby^"^ found 
no impro\einent In 70 patients treated coinci- 
dentally ith potassium thiocyanate controlled by 
determination of blood values, symptomatic relief 
\\as secured in 43 and some i eduction in pressuie 
m the majority 

Further evidence for caution in the use of 
potassium thiocyanate in the treatment of hyper- 
tension is shown by the leports of acute goiter 
de\ eloping during the course of treatment 
Such instances have not been uncommon The 
goiter is often large, makes its appearance sud- 
den!} , and may be painful, usually because of the 
lapid increase m size 

The pathologic pictuie is not that of esophthal- 
mic goiter, and there were no clinical evidences 
of thyrotoxicosis As has been shown before, 
this type of goiter seems to be charactenstic 

The description of thiocyanate-induced goitei 
b} Rawson, Hertz and Means includes enlarg- 

129 Tocapral (Wmthrop Chemical Companj, New 
York) contains theobromine, N-methylethylplicnyl bar- 
bituric acid and calcium iodide ditriethanolamine Hep- 
Msc (E Fougera and Company, Inc, New York) is a 
combination of viscum album extract, desiccated liver 
and desiccated pancreas Alhmm (Van Patten Pharma- 
ceutical Company, Chicago) contains dehydrated root 
bulbs of garlic and dehydrated parsley shoots 

130 Forster, R E, II The Medical Use of Thio- 
cvanatcs iti the Treatment of Arterial Hypertension, Am 
J M Sc 206 668 (Nov ) 1943 

131 Blumenthal, J S , and Wetherby, M Potassium 
Thiocyanate in Hypertension, Minnesota Med 27 17/ 
(March) 1944 

132 Potter, E B Acute Goiter Due to Cyanate 
Therapy Report of Two Cases with Thyroidectomy, 
T A M A 124 S68 (Feb 26) 1944 Foulger, M P H , 
and Rose, E Acute Goiter During Thiocyanate 
Therapy for Hypertension, ibid 122 1072 (Aug 14) 
1943 

133 Rawson, R W , Hertz, S , and Means, J H 
Thiocyanate Goitre in Man, Ann Int Med 19 8-9 
(Dec ) 1943 


ment of the thyioid gland, symptoms of hypo- 
thyroidism with low basal metabolism, often 
exophthalmos and deci eased excretion of the 
thyiotropic hoinione in the mine, in the inacti- 
vated form Low concentration of iodine in the 
blood was also noted Appaiently, the appear- 
ance of this type of goitei can be prevented by 
the assurance that the patient has had previously 
an adequate amount of iodine, and after the 
goiter has developed it can be controlled by the 
pioper administration of thyroid This particu- 
lar paper is important because of the intensive 
study made and its relation to the problem of the 
pathogenesis of goiter 

Koffler and Fieireich ha^e repoited 4 cases 
of tin ombophlebitis in patients treated with 
potassium thiocyanate They were not able to 
demonstrate any other cause and concluded that 
this disorder must be a complication resulting 
from a toxic effect of thiocyanate 

Taylor and his associates studied the effect 
of vitamin A concentrates given in amounts of 
100,000 to 400,000 U S P units daily foi 
from five to ninety days in 2 persons with normal 
blood pressure and 14 with hypertension No 
alteration m the blood pressure levels were noted 
m any of the cases studied It was found that 
as a result of studies of uiea, diodrast and inulin 
deal ance renal vasodilatation did occur, and with 
it increased functional seci etion of diodrast along 
with increased cardiac output 

In contrast is the report of Govea Almost 
50 per cent of 420 patients with hypertension 
treated with massive doses of vitamin A showed 
a significant reduction of blood pressure There 
was improvement in subjective symptoms, par- 
ticularly headache Both oral and parenteral 
loutes for the administration of the drug were 
employed Govea Pena and Ibarra also are of 
the opinion that the effect of this therapy is on the 
renal parenchyma, with an increase in the rate 
of renal blood flow Hypertension which does not 
respond is thought to be of extrarenal oiigin 

Pond and Rosen also report success m the 
use of vitamin A Of the cases treated, they 
report a gradual fall in blood pressure in 10 over 

134 KofHer, A , and Freireich, A W Thrombo- 
phlebitis as a Hitherto Unreported Complication of 
Thiocyanate Therapy in Hypertension, Am T M Sc 
207 374 (March) 1944 

135 Taylor, R D , Corcoran, A C , Shrader, J C , 
Young, W C , and Page, J H Effects of Large Doses 
of Vitamin A Concentrate on Normal and Hypertensive 
Patients, Am J M Sc 206 659 (Nov ) 1943 

136 Govea Pena, J , and Ibarra, J Vitamin A and 
Arterial Hypertension Mechanism of the Hypoactive 
Action of Vitamin A, Rev cubana de cardiol 4 116 
(Apnl-June) 1943 

137 Pond, A , and Rosen, A M Prehminarj'- Report 
on the Clinical Use of Vitamin A in the Treatment of 
Hypertension, Rocky Mountain M J 41 242 (April) 
1944 
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a prolonged peuod They suggest that the 
depressor effect may be associated with the in- 
crease m lenal function oi that some substance 
present in the compound may be responsible for 
Its action on Wood pressure 

Katz, Rodbard and Meyei studied the effect 
of vitamins A and D on dogs with expeiimental 
Iwpertension They were unable to show that 
vitamin A in large doses was capable of lowei mg 
the blood pressuie in these animals Vitamin D 
failed to elevate the blood pressure in noimal 
dogs Only occasionally weie slight \aiiations 
noted when these substances weie administci ed 
m doses sufficiently large to be effective 

Testosterone has been added to the numbei of 
drugs for which some value has been claimed in 
controlling high blood piessure Marquez 
leports definite improvement in the subjective 
symptoms (as with many other dings) as well 
as reduction of the arteiial pressure He em- 
phasizes the use of adequate doses Favoiable 
results began to appear only after 50 to 89 mg 
had been injected 

Flaxman compared the mortality figures 
for 350 patients with hypei tension treated surgi- 
cally, as reported by Max Feet and his co- 
workers, with those for 244 patients treated 
symptomatically in his own observ'ation There 
was no essential difference m the mortality of 
the two groups He believes that it is doubtful 
whether surgical treatment can altei the couise 
01 prognosis of the disease 

VASCULAR SURGERY 

B\ DR DE TAKATS AND DR TOWLER 

Vascular surgery is obviously focused this year 
on war injuries and their sequelae , of the large 
volume of contributions only a few representa- 
tive articles have been selected , next m line is 
the interest m venous ligations undertaken to 
prevent and treat pulmonary embolism 

VENOUS THROMBOSIS AND EMBOLISM 

Thrombosis of the axillary vein due to strain 
m Navy personnel is reported in two separate 
articles This well defined lesion occurs over- 
whelmingly in young, healthy males, always on 
the right side, unless the patient is left handed 

138 Katz, L N , Rodbard, S , and Meyer, J Blood 
Pressure Responses of Dogs to Vitamin A and Vitamin 
D:, Am J Physiol 140 226 (Nov ) 1943 

139 Marquez, A L Influence of Testosterone on 
Hypertension in Men, Semana med 1 1180 (May 27) 
1943 

140 Flaxman, N Treatment of Hypertension 
Comparison of Mortality in Medically and Surgically 
Treated Cases, Ann Int Med 20 120 (Jan ) 1944 

141 (a) Stabins, S J Primary Thrombosis of the 

Axillary Vein Due to Strain, U S Nav M Bull 41 
1106 (Jul>) 1943 (6) Willcutts, M D, and Shelburne, 

S A Thrombosis of the Axillary Vein, ibid 41 1730 
(Nov) 1943 


Phlebogiaphy and determinations of circula- 
tion time and venous pressure aie the recom- 
mended diagnostic procedmes Stabins rec- 
ommends conseivative management followed 
latei by resection of the thrombosed segment 
Neither of the articles sti esses the eaiiy use of 
paiavertebral block, vhich accelerates the dis- 
appeaiance of the edema, oi of anticoagulants, 
which limit the clot to the traumatized venous 
segment 

Allen and his co-woikeis state that intei- 
ruption of the femoial -lein for the pie\ention 
of pulmonary embolism is a simple, safe pro- 
cedure which e\en very ill patients can tolerate 
The operation should be earned out not only 
after a pulmonary infarct but when thiombosis 
of deep v'eins is diagnosed or suspected Phlebo- 
grams aie misleading The authors advocate 
bilateral venous interruption, especially m patients 
over 40 v eai s of age The common femoral v ein 
is exposed, and if it contains a thrombus this 
IS aspnated thiough a drinking tube Should 
no thrombus be present, the superficial femoral 
v'em can be tied, the deep femoral v^ein and the 
saphenous veins being left for collateials Pa- 
tients tieated in this way have little postopera- 
tive edema They may have to wrap their legs 
for a few weeks 

The problem has not seemed so simple m our 
experience Man} patients arriv^e at the hos- 
pital a week, or two after the thrombus has 
leached the groin Sucking out the organizing 
thrombus seems unnecessary at this stage Liga- 
tion of the superficial femoral vein may lead to 
fatal pulmonaiy embolism from the deep femoral 
vein, as in the case of Whiting, who even used 
anticoagulants, although obviously not m suffi- 
cient doses Then, again, in at least half of the 
patients permanent edema develops or theie may 
even be lecurrent attacks of superficial phlebitis 
m the extremities whose femoral veins have been 
ligated The indication is clearcut for patients ^ 
who have had a pulmonary infarct and in whom 
the thrombus can be localized in the deep veins 
of the lower leg b) j^hysica! signs or occasionally 
by phlebography 

Homans in an article on thi ombosis of the 
quiet type (phlebothrombosis) emphasizes the 

142 Allen, A W , Linton, R R , and Donaldson, 

G A Thrombosis and Embolism Review of Two 
Hundred and Two Cases Treated by Femoral Vain In- 
terruption, Ann Surg 118 728 (Oct ) 1943 

143 Whitmg, L W Postpartum Pulmonary Embo- 

lism The Problem of Femoral Vein Ligation as a 
Prophylactic Measure, Ohio State M J 39 1027 (Nov ) 
1943 ^ 

144 Homans, J Deep Quiet Venous Thrombosis in 
the Lower Limb Preferred Levels for Interruption of 
Veins , Iliac Section or Ligation, Surg , Gynec & Obst 
79 70 (July) 1944 
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importance of detecting an eail}^ stage of this 
piogiessive disease ^\hen the piocess is still con- 
fined to the lower pait of the leg oi has given 
rise to an unattached floating tlnombus in the 
feinoial vein, thieatenmg pulmonaiy embolism 
The indication is clcai foi an inteiiuption of 
ciiculation in the femoial vein to foiestall not 
only embolism but the development of a typical 
iliofemoial thiombosis (milk leg) But he also 
discusses a inoie advanced stage of thiombosis, 
11101 e or less adherent but not obstructive, which 
has piopagated above the inguinal ligament into 
the external and occasionally, especially on the 
left side, into the common iliac vein Such a 
piocess may be associated \Mth thrombosis of 
the deep veins of the thigh diaining thiough 
the deep femoial vein The advantages of ligat- 
ing the common iliac veins and not the com- 
mon femoral \ eins is thoroughly discussed Also 
some obser\ations are made on the intei ruptioii 
of the rena cava This is a significant aiticle, 
and its careful stud) is highly lecommended 

Atlas reports a thrombosis of the mferioi 
\ena cava following amputation The vein was 
tied just below the renal vein The edema 
piomptly disappeaied There are a considerable 
number of patients suffering fiom occlusion of 
the inferior vena cava with collateial \eins in the 
abdomen and frequent ulceiations of the leg 
Should they all have a ligation proximal to the 
tlnombus^ This question is intriguing and 
awaits an answei 

A gunshot wound so damaged the superioi 
mesenteiic vein of a patient that it had to be 
ligated^’® The mortality rate of spontaneous 
occlusion of the superior mesenteiic vein is 
about 100 per cent Postoperatively this patient 
had early adequate heparinization and the blood 
pressure, blood volume and oxygenation of tis- 
sues were maintained to aid in the development 
of adequate collateral circulation A second 
operation, done foi duodenal obstruction, re- 
vealed dilatation of the superior and inferior 
pancreaticoduodenal and gasti oepiploic veins, 
which served as collateial channels Anastomo- 
sis between the middle and left colic veins 
assisted the venous return fiom the ascending 
and transverse colon 

ARTERIAL OCCLUSIONS 

An interesting experimental study on the pre- 
vention of gangrene following ligation of majoi 
arteries has been presented by Spiegel, Fried- 

145 Atlas, L N Ligation of the Inferior Vena Cava, 
Ohio State M J 39 917 (Oct) 1943 

146 Schnug, E Ligation of the Superior Mesenteric 
Vein, Surgery 14 610 (Oct ) 1943 


landei and Silbeit They pumped blood fiom 
the abdominal veins into the femoral artery of 
dogs whose femoial aitery was ligated proximal 
to the anastomosis Anticoagulants were used to 
pi event gangrene in seveial of the animals In 
its piesent foim the method is haidly applicable 
to human beings 

An excellent leview of the treatment of pe- 
iipheial arterial embolism is given by McCluie 
and Haikins^"*® They collected a series of re- 
poi ts of 690 per.ipheral arterial embolectomies and 
repoit 10 of their own Twenty-one successful 
aortic embolectomies aie reviewed This contri- 
bution does not lend itself to a brief abstract, but 
it emphasizes the limitations, indications and re- 
sults of embolectomy Duncan and Myers and 
Agar give a gist of the accepted indications 
for and technic of embolectomy, they emphasize 
early diagnosis and eaily suigical therapy as the 
method of choice 

Fne aoiUc embolectomies are described by 
Muriay,^®^ who uses an extrapei itoneal approach, 
and one by Wikle and Cabot It is apparent 
Iroin these case histones that the real problem 
aftei lestoiation of the occluded circulation is to 
pi event furthei emboli, which often vitiate the 
caily brilliant lesults Anticoagulants, as used 
at piesent, have not entirely solved this problem 

WetherelD'^^ suggests a practical, three phase 
division of the tieatment of arterial embolism 
During the fii st phase the site of the embolus is 
located and 3^ to 2 grains (0 03 to 0 12 Gm ) 
of papaverine hydrochloride is given intra- 
venously If the improvement is questionable he 
proceeds with anticoagulants and uses a para- 
vertebral sympathetic block Should this fail 
he does an embolectomy with the area under 
local anesthesia and continues anticoagulant 
thei apy 

Patients with acute aiterial occlusions should 
certainly be hospitalized with alacrity The first 
physician should admimstei papaverine It is 
less generally known that the early use of heparin 
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]s of gieat value, since it inhibits piopagation 
of the thrombus This regimen in our experience 
has saved a numhei of extremities, with or with- 
out embolectomy Even the most successful 
embolectomy cannot remove a massive descend- 
ing thrombosis extending from the groin to the 
foot 

Learmonth and his associates report 4 cases 
of localized arterial thrombosis m otherwise noi- 
mal adults They believe trauma is the likeliest 
pi edisposing cause They advocate preganglionic 
sympathectomy or arteriectomy foi relief of pain 
and improvement of circulation Injui'y seems 
to have been the immediate cause foi arterial 
occlusion in the hands and feet of patients ex- 
posed to repeated occupational trauma in 1 1 cases 
descnbed by Barker and Hines The average 
age of these patients was 46, and they did not 
have arteriosclerosis, cervical nb, scalenus anticus 
syndrome or evidence of occlusive arterial disease 
elsewhere 

Such cases are not too infrequent in vascular 
clinics A case of an osteopath whose massaging 
fingers showed digital thrombosis comes to mind 
He was greatly benefited by a preganglionic 
sympathectomy 

ANEURYSMS AND OTHER VASCULAR 
INJURIES 

Gage reemphasizes the simplicity and prac- 
tical value of the Matas endoaneurysmorrhaphy 
in the saccular and fusiform types of aneurj-sm 
Preoperatively the adequacy of collateral circula- 
tion must be tested either by temporary com- 
pression of the vessel or by sympathetic block 
Cases of traumatic arteriovenous fistula are re- 
ported by Wise and Penick Excision of 
the fistula with quadruple ligation is recom- 
mended A study of 67 peripheral aneurysms 
and arteriovenous fistulas has been made by 
Pemberton and Black For arterial aneurysms 
excision of the sac is recommended, whereas for 
arteriovenous fistulas quadruple ligation with ex- 

154 Learmonth, J R , Blackwood, W , and Richards, 
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cisioii of the sac is the method of choice, some- 
times simple ligation of the communication 
between artery and vein may prove satisfactor) 

Watson and Miller present a case of ex- 
treme dilatation of the external iliac vein in an 
arteriovenous fistula affecting the femoral ves- 
sels They describe the physiologic changes 
accompanying an artei lovenous fistula and the 
difficulties encountered m the surgical repaii of 
the fistula 

Othei traumatic aneuiysms are leported by 
Langley and Handley and Oldfield Such 
leports emphasize the necessity of special tiain- 
ing in handling difficult vascular pioblems The 
successful use of a cellophane cuff to obhteiate a 
subclavian aneurysm slowly is reported by liai- 
rison and Chandy 

The difficulties of ligating the abdominal aorta 
for aneurysm are graphicall}'^ described bj' Morton 
and Scott In then case the aneurysm had 
developed just below the origin of the inferior 
mesenteric artery A paitial occlusion vas pro- 
duced by a hernia tape This resulted in gan- 
grene of the left lower extremity, which had to 
be amputated Phantom limb pain resulted Six 
months later the patient died of a lupture of an 
aneurysmal dilatation which formed proximal!} 
to the tape ligature 

Our experience with a cellophane cuff placed 
above an aortic aneuiysm indicates that a gi adual 
occlusion with spontaneous thrombosis of the sac 
may in favorable cases postpone the mcMtable 
lupture of the aneurysm Morton and Scott 
point out that traumatic aneuiysms in young 
persons which are treated with partial occlusion 
by the Matas technic are the most fa\ orable tj pes 
to deal w ith Obviously the ideal method has not 
yet been found 

In a timely and useful article. Beck discusses 
the syndrome of pulsating hematoma, a false 
aneurysm, since its wall is not lined with endo- 
thelium It should be looked foi in evei-} 
punctuie wound which is followed within twenty- 
four hours by a large swelling and pain of boring 
character The swelling is hard and brawny, 
and tbe skin is glossy red above it Nerves are 
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often paialyzed by ptessuie, and Iheie aie signs 
of ischemia The vessels most fiequently in- 
\olvcd, in 01 del of their mention, aie the 
femoral, axillary, popliteal, hiacliial, suhclavian. 
and caiotid aiteiies Pulsation of the mass ma} 
he absent, hut a systolic biuit is often heaid on 
the proximal side of the hematoma Tieatment 
consists of eaily lateral suture of the artery with 
eiacuation of the clot, oi a late ligatuie of artei} 
and vein Aftei tliiee to six weeks enough col- 
lateral circulation may develop, but paiaveitehral 
s\ inpathetic block should he routinely pei formed 

In the case of a 36 } ear old nonsclei otic, non- 
Inpertensive male, the thoiacic aoita ruptuied 
as a result of se\ere trauma to the chest The 
different causes of aortic i uptime ai e discussed 
Holman^®' emphasizes the impoitant principle 
that "a laige artei y should he ligated pieferably 
just distal to a large collateral branch so that the 
full force of the aiterial pulse-wave is not dis- 
sipated in purposeless distention of a blind seg- 
ment and instead is directed into the mam 
collateral vessel ” He gn es optional levels of 
ligation of the major artei les Experimentally, 
he measured the pressure in the collateral vessels 
after ligating the femoral artery at %aiious dis- 
tances from the collateral supply and found in- 
controvertible experimental proof of the known 
clinical fact that an occlusion of the popliteal 
arter}^ is more dangeious than one of the super- 
ficial femoral artei y below the deep femoral 
ai ter)’’ Thei e are many r aluable suggestions foi 
the militar}'- surgeon regarding the management 
of rascular injuries based on the author’s wide 
experience both in civilian life and recently at 
advanced Nav}' bases 

The Russian inilitar}'- surgeon Gniloiybov 
presents a personal series of 130 opeiations on 
blood vessels, comprising 98 operations for 
aneurysm and 32 for pulsating hematoma , he also 
operated in 23 cases of severe hemoiihage from a 
hematoma and m 9 for secondary hemorrhage in 
septic wounds For two thirds of the patients 
ligation was employed, while the remainder had 
their injured arteries sutured Theie was gan- 
giene m 10 per cent of the former group and in 
none of the latter The femoial artery was in- 
jured in 30 per cent, the tibial in 14 pei cent, the 
popliteal and brachial artery in 9 per cent and the 
axillar}^ in 7 per cent The author advises against 
arterial suture between the fourth and the forty- 
fifth day after an injury Local anesthesia is the 
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method of choice The concomitant vein should be 
ligated Aiterial ligations for aneuiysni are pei- 
foimed only when suture is impracticable Post- 
opeiative physical theiapy is important 

Anothei Russian suigeon, Pokotilov,^®® dis- 
cusses secondary and erosive hemoiihage, a 
vexing problem with all war injuries, which is 
seldom seen in peacetime While only 2 patients 
with such hemoiihage w^eie seen during six yeais 
before the war, 25 w^ere tieated m two months 
wdien his clinic was functioning as an evacuation 
hospital Certain arteries, such as the femoral, 
posteiioi tibial, gluteal and biachial arteries, weie 
especially involved In half of the cases bleeding 
was controlled by ligature of the bleeding point , 
in the othei half the artery w^as tied proximal 
to the injury Septic necrosis of tissue was the 
most frequent cause of seondary hemorrhage 
He lecommends immediate ligation of the bleed- 
ing point, with the vessel left in continuity If a 
large arteiy has to be ligated, this should be done 
immediately below a large collateral vessel If 
ischemia occurs after the ligature, sympathetic 
block wnth alcohol should be done 

Elkins and W oodhall emphasize a most 

imporant principle in dealing with combined vas- 
culai and neural injuries Instead of repairing 
these at different times, depending on what type 
of sei i ice the w^ounded man is apt to be m, they 
adiocate an inclusive repair of all the injuries at 
one step The repaii of an aneurysm is nevei 
an emergency unless it is lapidly growing larger 
oi has ruptured or cardiac failure is impending 
Three to four months is a sufficient time foi 
development of collateral circulation Proximal 
compression of the vessels aids in the develop- 
ment of collateral circulation Quadruple liga- 
tion wnth excision of the sac is the method of 
choice, and in suitable cases' endoaneurysmoi - 
rhaphy may be practiced This is an impoitant 
contribution, and it is hoped that suitable teams 
\i ill be available for such combined repaii s 

COARCTATION OF THE AORTA 

•Blalock and Park divided the aorta in dogs, 
closed both ends and implanted the left sub- 
clavian artery into the aorta distal to its division 
About 70 per cent of the animals lived more than 
six months and showed adequate flow of blood 
to the posterior portion of their bodies The 
authors state that in man the enlaiged collateral 
vessels which enter the aorta below its stenosis 
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would make the anastomosis more difficult but, 
on the other hand, because of the established 
collateral pathways the mortality in man should 
be low In human patients the left common 
cai otid artery could be used Surgical treatment 
should be considered only for patients with a grave 
outlook, since coarctation of the aoita may he 
compatible with fairly long life In fact, theie 
are many well compensated minor coarctations 
which can be diagnosed only by detection of a 
difference between the blood pressures of the 
upper and lower extiemities This suggestion 
may find a place in the management of seveie 
coarctations, perhaps facilitated by the vitalhum 
tubes of Blakemore (see last year’s review) We 
wish to emphasize, however, that the hyperten- 
sion in the upper part of the body, which this 
procedure intends to counteract, may be parity 
on a vasoconstrictor basis, originating from the 
narrowed segment of the aorta, in such circum- 
stances a bilateral dorsal sympathectomy, ob- 
viously not easy because of the collateral vessels, 
may prove useful Such an operation has been 
suggested twice to young adults but not urged 
sufficiently to be accepted 

The Vasomotof System in Vasculai Inpny 
and Disease — A thought-provoking article on 
traumatic arterial spasm is published by Cohen ’•*- 
He states that smooth muscle responds to a 
stretch or to a minute injury with contraction 
which may persist so long that the arterial sup- 
ply distal to the spasm becomes insufficient The 
collateral circulation enlarges and acquiies mus- 
cular and connective tissue, unless direct injur)’- 
makes it spastic or a hematoma prevents its 
development Since the muscle requires more 
blood than the skin, the spasm of the cutaneous 
vessels may be a i3rotective reflex to divert blood 
to the deeper parts Owing to the warming 
of the limb or to a sympathetic block, the likeli- 
hood of gangrene may be increased by upsetting 
this mechanism When a nerve lesion accom- 
panies a vascular lesion the incidence of Volk- 
mann’s ischemic contracture is higher because 
of sympathetic paralysis and diversion of blood 
to the skin 

He believes that the available anatomic and 
physiologic evidence is against the existence of 
a reflex arc whereby spasm from an injured 
artery spreads to affect the collateral vessels of 
the same limb Failure of the collateral vessels 
to open may be due rather to injury and direct 
spasm of the collaterals, to hematoma or to 
spreading thrombosis In the latter case artenec- 
tomy proves most successful, for by it thrombi 
are removed or prevented from spreading 

172 Cohen, S M Traumatic Arterial Spasm, Lancet 
1 1 (Jan 1) 1944 


Arterial spasm may develop not only because 
of a local, direct injuiy to smooth muscle but 
also as a result of a relatively minoi local injury 
to the artery in association with othei more 
severe injuries leading to the development of 
shock This type of spasm is seen in the crush 
syndrome, as a result of tight tourniquets or 
when widespread reflex spasm can be produced 
from impulses arising in the skin or deeper tissue 
On the basis of this conception and with the help 
of illustrative cases, the authoi concludes that 
theie IS little or no practical and no theoietic 
basis for sympathetic block in cases of traumatic 
arterial spasm 

We have cited this article in detail, since, pub- 
Ijshed as the leading article in the Lancet, it 
deserves and has obtained rvidespread comment 
and interest It would be most unfoi tunate, how- 
ever, if this Hunterian lecture would deprne a 
number of patients with vascular injuries of the 
immediate application of a paravertebral sym- 
pathetic block It IS our belief that Cohen con- 
fuses the direct arterial stupor, which is rare 
and which one sometimes secs in manipulating 
an artery under spinal anesthesia, with the wide- 
spread vascular spasm following an arterial em- 
bolus or an artei lal thrombus, whether traumatic 
or due to disease It is true that the local re- 
sponse of an artery to stretch oi mild trauma 
may be a prolonged spasm, which if it lasts long 
enough may progress to gangrene as in the case 
of Clark it is also true that puncture of an 
aitery may initiate a depressor type of reflex, 
as in the case of persons who have arterial punc- 
tures for removal of samples of blood But it is 
hard to mistake these lesions for the chronic 
sensory-sympathetic reflexes which can be suc- 
cessfully interrupted by paravertebral block and 
which relieve pain and ischemia 

It IS also true, however, that when the mam 
blood supply of an extremity is shut off and 
arteriolai destruction in the terminal bed is wide-^. 
spread, as in certain forms of thromboangiitis 
obliterans (Buerger’s disease), a block of the 
sympathetic nerve supply may lower the cuta- 
neous temperature of a toe and precipitate gan- 
grene, since vasodilatation elsewhere uses up the 
available blood Such a finding is a contraindi- 
cation to sympathectomy without simultaneous 
amputation of the But in injuries to 

major artenal pathways the terminal bed is 
usually intact and should respond favorably to 
paravertebral sympathetic block In fact, its use 
to decrease post-traumatic edema and improve 
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blood flow in the tiaumatized limb is still not as 
widely appieciated as it should be 

The earl}' tieatment o£ fiozen feet and hands 
b) paia\eitebial block of the sympathetic neive 
supph IS ad\ocatcd by Biiik^‘“ He states that 
the primaiy i espouse of the cxtiemities to cold 
IS ^ asoconsti iction, follow cd by tin ombosis Un- 
fortunately no figuies are piesented to demon- 
stiate the icsults of this proceduie Oui limited 
cxpeiience would indicate that this method has 
both thciapcutic and prognostic value If the 
temi^erature of the fiozen digit does not rise, oi 
especially if it falls after piocamc block, the 
liability of the pait is lost and deinai cation will 
ha\e to be expected 

lelford^'® piesents 5 cases of late stages of 
immeision foot and fiostbite wdiicli exhibited 
lasospasni exccssne sweating oi ulceiation 
The patients wcie greatly beneflted by pie- 
ganglionic s} mpatliectom} The pain ceased, 
and the ulcers healed He advises preopeiative 
simpathetic block, it a use of 1 degree centi- 
grade is obseixed sx mpathcctomy is justified 
On the upper exticmity he employs ulnai iicive 
block at the elboxx xxhich, of course, aflfects onl} 
the fifth and parth the fouith fingei 

Richards xx i itcs an excellent article on the 
xasomotor distui bailees m the hand aftei injuiy 
to peiipheial neixes He notes that the imme- 
diate effect of iiiteiiuption of a neive is x’aso- 
dilatation xvhich coiiesponds loughly to the zone 
of analgesia The skin becomes hot, flushed and 
drx and docs not i espond to changes in cm iron- 
mental temperatuie Theie is little oi no re- 
sponse xx'hen othci poitions of the body aie 
heated 

The cause of the subsequent fall m the tem- 
perature of the dcneixatcd pait has not been 
fully explained It is not due to sensitivity to 
epmephiine, since physiologic conccntiations of 
this hormone pioducc a fall in tcmpeiatuie of not 
more than 3 or 4 degiees centigrade, xvhereas 
there may be a fall of 15 degiees centigrade aftei 
mteiuiption of a peripheial nerve The authoi 
suggests that the section of the nerve destroys 
the axon reflex xvhich effects local dilatation as 
a response to trauma This reflex can be ob- 
tained immediately aftei the section of the nerve 
but disappears as the sensoiy fibers degenerate 
Loxvered local metabolism may also account foi 
the fall in temperatuie It is significant that a 
superficial infection m a denervated digit may 
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pioduce so great a rise in local tempeiatuie that 
the affected digit becomes the waimest m the 
hand 

While complete section of a peripheial nerx^e 
IS undoubtedly associated with sympathetic paral- 
ysis and its vasomotor and sudomotor phe- 
nomena, another type of vasodilatation is lecog- 
nizable in partial nerve mjuiies, xvhich responds 
to sympathetic block This x'^asodilatation seems 
to be an irritative lesion of efferent vasodilatois 
xxdiich pioduce a throbbing, x^ascular type of 
pain This pain is aggiavated by venous stasis 
and eliminated by arterial compi ession It com- 
bines mci eased arterial pulsations xxuth an in- 
ci eased peripheral resistance, much like a 
parasympathetic stimulant, such as neostigmine, 
pioduces This is the vascular lesion encoun- 
teied in the causalgic states, a frequently mis- 
undei stood syndrome 

The conti ol of pain m post-traumatic and othei 
vascular disturbances by sympathectomy is ad- 
vocated by Mahorner He believes that sym- 
pathectomy 01 repeated paravertebral block is 
indicated for post-traumatic pain caused by x’^aso- 
spasm and edema in causalgia, for Sudeck’s 
atiophy, foi sympathalgia, and for nontraumatic 
leflex x^asospasm from inflammatory thiomboses 
01 emboli He does not believe that Raynaud’s 
disease is helped by sympathectomy, but he 
advocates the operation in cases of thromboangiitis 
oliliterans (Buerger’s disease) for patients beloxv 
the age of 50 

Learmonth and his co-xvoikeis discuss x’^aso- 
motor disoi ders of the limbs in xvai time 
xViteiial spasm lesulting from aiteiial injury is 
difficult to differentiate from arteiial thrombosis, 
It IS unaffected by proximal periaiterial sym- 
pathectomy and ganglionectomy Obviousl} 
damaged segments should be excised and local 
heat should be avoided, uncomplicated aiterial 
spasm recovers spontaneously 

Tiaumatic arteritis occurs mostly in young 
persons, with resulting thiomboses producing 
progiessive ischemia This is best treated by 
pieganghonic sympathectomy followed by ex; 
cision of the thrombosed segment of the vessel, 
if this IS feasible Traumatic venous thrombosis 
may give use to leflex arterial constriction wdiich 
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can be relaxed by sympathetic block oi sym- 
pathectomy 

For organic vasculai disease these authors 
lecommend consen^ative therapy, but m selected 
cases sympathectomy may peimit minor instead 
of major amputations For the vasomotoi dis- 
orders lesulting fiom exposuie to cold, only in 
the late stages is sympathectomy lecommended 
For the early stages of immeision limb, giadual 
u arming and a conseri ative attitude toward am- 
putation are advocated The stud}'^ of immeision 
limbs reveals wallerian degeneration of nerves, 
damage to muscles and fibrosis But in the late 
stages failure of leflex a asodilatation occurs, and 
it IS then that sympathectomy is of help 

An excellent description of the vasomotoi phe- 
nomena accompanying injuries, especially’- thiom- 
boses, IS given by Homans Pain, ischemia, 
cy’-anosis, edema and atrophy of the tissues may' 
be the result of reflex vasomotoi phenomena 
originating from the site of the lesion Ceivical 
rib, a fracture or an injury of soft tissue may' 
have similar effects An injection into the appro- 
priate sy'inpathetic ganglia will tempoiarily abol- 
ish all signs and sy'mptoms of the disturbance in 
circulation 

Trimble and his associates present a rather 
revolutionaiy idea of performing sympathec- 
tomies on patients from 50 to 60 years of age 
and even older who suffer from organic vasculai 
disease, such as arteriosclerosis, thromboangiitis 
obliterans, late results of exposure to cold, chemi- 
cal burns, trophic ulceis oi ununited fracture 
They feel that even if vasomotor spasm as tested 
by sympathetic block is small, the conclusion that 
sympathectomy is useless is untenable They 
present a convincing group of case histones 

Such attempts have been made by Atlas (see 
last year’s review) That normal vasomotor tone 
and Its fluctuations may have a deleterious effect 
on advanced vascular disease must be readily 
admitted But if one fails to follow the lead of 
preoperative sympathetic block an acceleration 
of gangrene may follow Our experience uith 
a small group of arteriosclerotic patients oi er 60 
years of age has been excellent There is no 
doubt, however, that sympathectomy at this 
stage is bound to have a mortality and that if 
terminal arteriolar destruction is present, as in 
some frostbites or m patients with arteiiolar 
disease, the condition may be aggravated by a 
diversion of blood from the obliterated arteiiolar 
bed to areas which are better capable of vasodi- 

181 Homans, J Vasomotor and Other Reactions to 
Injury and Venous Thromboses, Am J Sc 205 
313 (March) 1943 

182 Trimble, I R , Cheney, W S , and Moses, W R 
The Operative Attack on Organic Vascular Disease, 
Surgery 15 655 (April) 1944 


latation It is oui feeling that carefully selected 
patients will respond well to this treatment, 
especially patients with presenile atheiomatosis 
should be suitable subjects, since then lesions are 
not infrequently limited to the lower extiemities 
and the arteriolar bed is compai atively free 

Mention should be made of the excellent re- 
view of White on the progress of surgery of the 
autonomic nervous system A review of this 
review is of course hardly feasible, but it should 
be read in the original The indications and con- 
traindications of sympathectomy for peripheral 
vascular diseases and foi essential hypertension 
aie discussed in detail 

SURGICAL TREATMENT OE HYPERTENSION 

Schu artz and Findley believe that surgical 
interruption of appropriate pathways is pret- 
erable to injection of alcohol into the segments 
Howevei, in cases in which there is doubt con- 
cerning the benefit to be derived from surgical 
pioceduies, a piocaine block of the sympathetic 
ganglions fiom the ninth dorsal to the second 
lumbar segment on both sides is of prognostic 
value The success of the injection is demon- 
strable by tests for sweating It would be most 
welcome to have a clearcut preoperative test to 
determine the operability of hypertensive patients 
Unfortunately such a widespread block of sym- 
pathetic ganglions is uncomfoi table, requires 
sedation and may so depress venous return that 
elderly arteriosclerotic patients will show a good 
response to it although they are not among the 
patients suitable for opeiation After a few trials 
we have abandoned the use of this method, which 
seems logical Possibly a bilateral injection into 
the splanchnic nerves may be substituted, but this 
method has its dangers 

AMPUTATIONS 

Amputations of lower extremities under le- 
frigeration anesthesia have been reported by ^ 
Massie,^®® Haley and Bowers, who all ^ 
emphasize the advantages of depressing cellular 
metabolism, decreasing absorption from infec- 

183 White, J C Progress in Surgery of the Auto- 
nomic Nervous System, Surgery 15 491 (March) 1944 

184 Schwartz, H G, and Findley, T Preliminary 
Observations Concerning Paravertebral Injections of the 
Sympathectic System m Hypertension, Surgery 14 267 
(Aug) 1943 

185 de Takats, G Splanchnic Anesthesia, Surg, 
Gynec & Obst 44 SOI (April) 1927 

186 Massie, F M Amputation with Refrigeration 
Anesthesia, South M J 37 1 (Jan ) 1944 

187 Haley, E R Arteriosclerotic Gangrene A 
Report on Refrigeration Prior to Amputation, Arch 
Surg 46 518 (April) 1943 

188 Bowers, W F Refrigeration Therapy in Vascu- 
lar Trauma, Mil Surgeon 93 289 ( Sept ) 1943 
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tious 01 toxic inatei lal and minimizing the shock 
ot the opeiation Attention should be called, 
hou evei , to the conti ibution of Richards, who 
laises the obvious objection to the method, 
namel}’-, the possibility of delayed healing of the 
stump In our experience, refngeiation has 
eftectnely leheved pain and absoiption of toxins 
liom a limb vhich is to be amputated Also, if 
delay is peimitted, the patient’s geneial status 
can be improved and his diabetic status can be 
treated, and even the collateral ciiculation is 
augmented by the fact that amputation is not 
necessaiy m the case of an acute vascular occlu- 
sion Our expel lence, hovevei, with having to 
amputate through refngeiated tissue has not been 
encouraging Theie is unquestionable delay in 
union and exudation of plasma , a collai of cuta- 
neous gangrene has been obsened m a patient 
uhose circulation vas adequate at the level of 
amputation 

Kirk and McKee^el emphasize that closed 
amputations are dangeious to life and wasteful 
of stump length m the presence of established 
infection or potential infection The local and 
systemic use of sulfonamide drugs and as yet of 
penicillin has not obviated these dangeis The 
piesent Surgeon General of the Army, Major 
General Kirk, has advocated the guillotine ampu- 
tation followed by the use of continuous skin 
traction for amputations in the field Simple 
plastic closure oi reamputation at the site of 
election finally produces an excellent stump 

Jack and Chainley^®^ have used a delayed 
closure of the stump in the African theatei of 
war Flaps are prepared and sutuies inserted 
over a pack of gauze saturated with sulfanil- 
amide After a few days the stump is reopened 
and a careful resuture of the skin is done, i esult- 
mg m primary union We hav^e followed this 
method in a few cases of infected diabetic oi 
arteriosclerotic gangrene and have been impressed 
b}'’ the rapidity with which primary union is 
accomplished after preliminary full drainage 

Pearl and Misrack report their experience 
with 36 amputations done for peripheral vasculai 
disease They use Peail’s modification of the 
Callander amputation They emphasize the 
dangers of operating m the presence of inade- 
quately conti oiled diabetes, of ovei optimistic con- 
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seivative management and of cellulitis superim- 
posed on peripheial vasculai disease 

In selecting cases for amputation, they cite the . 
value of examining the peripheial pulses and 
the postuial changes of color, but they deprecate 
the value of roentgen rays foi demonstrating 
calcification of the peripheral vessels They state 
that even the patient with completely controlled 
diabetes does not possess the resistance to sui- 
gical trauma found m the nondiabetic person 
The average number of postopei ative days for 
nondiabetic patients was thirty-seven and nme- 
tenths, compared with foity-six and three-tenths 
for the diabetic patients 

They cite the advantages of lumbar sympa- 
thetic block, their moitahty was 13 pei cent 
Death occuired from toxemia, septicemia, bion- 
chopneumonia and thromboembolism 

Our experience with the Callender amputation 
has been equally satisfactory, the patients aie 
allowed to get out of bed the second or thud day 
and sent home within a week, which permits a 
more rapid turnover of the hospital beds They 
ma}’^, howevei, need visiting nursing care for the 
stump The liberal use of sulfonamide drugs, 
blood transfusions and massive piotem and vita- 
min intake greatly aids the convalescence of such 
patients 

Thompson presents a practical and compie- 
hensive surv^ey of the subject of amputations, 
pointing out the characteristics of a satisfactory 
stump and desciibing the operations best fitted 
to fulfil these lequirements at different levels 
Pool stumps usually result from wrong choice of 
level or procedure, excessive damage to soft 
tissue, excess of soft tissue in the stump, closure 
under tension, failure to utilize traction or splint- 
ing and neglect of postoperative conditioning of 
the stump, joints, muscles and skin 

Certainly many details must be observed in 
order to produce the ideal stump Among other 
things we have been impressed with the impor- 
tance of adequate drainage of plasma and lymph 
foi a few days postoperatively Not only will 
infection result from retention of this material, 
but its retention will lead to a fibrous stump, 
which is painful, unwieldy and conducive to 
many other sequelae The method of Callender 
first pointed to the importance of profuse drain- 
age combined with the possibility of primary 
union, and this principle can be earned through 
in every location Both refrigeration anesthesia 
and the use of dicoumann (3,3'-methyIene-bis[4- 
hydroxycoumarin] ) sin against this principle, 
unless a two stage closuie is used 

193 Thompson, V P The Amputation Stump from 
the Prosthetic Point of View, JAMA 124 1036 
(April 8) 1944 
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White desci ibes in a timely contribution the 
management of painful amputation stumps Af- 
ter the obvious causes of painful stumps are 
eliminated, there fiequently remains an incapaci- 
tating pain due to ii i itation of end bulb neuromas 
Phantom limb pain may oi may not be associated 
V ith such neuromas The pei sistence of pain and 
postural sensations similar to those experienced 
by the patient before amputation is assumed to be 
due to chronic, long-standing irritation of cen- 
tially conducting axons which pioduce an im- 
pression on the sensory cortex and aie pi ejected 
back to the aiea of irritation, which is now miss- 
ing These sensations, in the absence of pain, are 
so weak as a rule that only such poitions as aie 
iichly endowed with sensory end organs and 
fibers will be represented in the phantom As 
healing progresses, sensory impulses dimmish 
and the phantom gradually disappeais Should 
abnormal conditions prevail in the stump, then 
the afferent impulses from the cut nerve persist 
and the phantom may letain its original position 
or may get increasingly painful 

For elimination of the phantom limb pain, the 
following procedures are tested simple lesection 
of a painful neuroma, sympathetic block, sympa- 
thectomy, section of the spinothalamic tract, 
excision of the sensory cortex and finally frontal 
lobotomy As White points out, it is important 
to recognize the sensory level at which mteri op- 
tion of pain tract fibers is still efficacious This 
problem well emphasizes the progressive charac- 
ter of intractable pain, which can be eliminated 

194 White, J C Pam After Amputation and Its 
Treatment, JAMA 124 1030 (April 8) 1944 


eaily with compaiatnely simple measures but 
which ascends to higher and higher levels and 
may finally require ablation of the sensory cortex, 
as performed in the spectacular case of de 
Gutieri ez-Mahoney 

In our work, the resection of neuromas and 
their implantation into bone marrow have so 
far been satisfying Curiously, a patient who 
continued to have phantom limb pain after spinal 
anesthesia was relieved by sympathetic block 
followed by sympathectomy, an observation 
which permits several explanations It seems to 
us likely that inteiruption of sympathetic fibers 
does not act by severing painful impulses , it may 
operate by neutralizing the burning, causalgic 
type of pain brought on by antidromic impulses 
which produce pain and vasodilator substances in 
the periphery 

Whether spinal anesthesia would simulate the 
the effect of chordotomy is doubtful, since spinal 
anesthesia would hardly diffuse into the spino- 
thalamic tract and actually paralyze only motoi 
and sensory roots However, a chordotomy 
would have to piecede any intracerebral section 

The plight of such patients is so terrible, and 
drug addiction, suicide and mental deterioiation 
so likely, that such heroic measures are justifiable 
Certainly a psychiatric approach is worth while, 
but it has not seemed to be successful in our 
limited experience 

195 de Gutierrez-Mahonej , C G The Treatment 
of Painful Phantom Limb by Removal of Postcentral 
Cortex, J Neurosurg 1 156 (March) 1944 

196 Boldrey, E Amputation Neuroma in Nerves 
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^ead Poisoning By Abiaham Cantarow MD, and 
Max Trumper, PhD Cloth Price, $|;3 Pp 239 
Baltimore Williams & Wilkins Company, 1944 

The authois present what might veritably be con- 
idered a complete treatise on lead poisoning They 
liscuss the normal reactions of the body to lead, the 
lathologic changes m stiuctures and functions occa- 
loned by the presence of lead in the body, the clinical 
nanifestations of lead poisoning and its tieatment 

One chapter of importance to physicians who observe 
lorkers exposed to lead is the discussion on normal 
ind abnormal levels of lead in the blood, body fluids 
nd excretions 

In the last few chapters the authors discuss the occui - 
ence of chronic lead poisoning, with special attention 
o industrial poisoning The book concludes with a 
liscussion of the technical analytic methods, both 
heniical and polangraphic, of determination of lead m 
amples taken from the workroom atmosphere and m 
amples of urine and blood A complete bibliography 
if the literature on lead poisoning is contained within 
he lolume and probably is one of the most important 
eatures of a work of this kind 

One would hesitate to recommend this work to med- 
cal students, and I do not believe the authors intended 
t for ,them The presentation of the literature from 
ixtensive sources, often with little attempt to clarify 
he present status of a particular phase of lead poison- 
ng, would tend to confuse persons ivho have not had 
:onsiderable experience with the subject Also, the 
ibstracting of actual clinical cases of lead poisoning 
md the describing of the various phases of onset, clinical 
:ourse and laboratoiy findings would, if included, have 
ended to convey clinical recognition to a disease with 
irotean manifestations For the industrial physician, 
he biochemist and the industrial hygienist, however, 
his w'ork IS of considerable value 

Several features of the w'ork deserve comment The 
liscussion of the pathologic physiology in the production 
)f lead palsy is exceedingly well done The authors 
joint out that in recent years considerable evidence has 
jeen accumulating to oppose the long-held belief that 
jrolonged exposure to lead causes significant elevation 
)f blood pressure 

One must consider this the most encyclopedic work on 
ead poisoning yet to appear in the American literature 

[nternal Medicine Its Theory and Practice in 
Contributions by American Authors Edited by 
John H Musser, BS, MD, FACP, Professor 
of Medicine m the Tulane University School of Med- 
icine , Senior Visiting Physician to the Charity Hos- 
pital, New Orleans Fourth edition Price, $1000 
Pp 1,518, with 26 tables and 70 illustrations Phila- 
delphia Lea & Febiger, 1945 

The editor, by way of preface to the latest edition of 
lus book, reviews his own work He says that the book 
was compiled originally for tw'o purposes to give medi- 
cal students a textbook written by a limited number of 
well qualified authors and to give practitioners a prop- 
erly documented w'ork of references These tw'o pur- 
poses have been well fulfilled 


He goes on to say that the fourth edition includes 
manv changes The development of sulfonamide com- 
pounds, penicillin and thiouracil have necessitated a good 
deal of rtew' w'ritmg, and so has the w'ar, with its sharp 
focus on certain protozoan and metazoan diseases and 
on subjects like high altitude sickness or military neuro- 
psychiatric disabilities, wdiich hitherto seemed of no 
general importance Thus this edition m many w'ays 
is a new book 

Finally, he acknowledges the value of the complete 
and thoroughly thought-out contributions from the 
thirty-three authors and coauthors who made possible 
the consummation of the avowed purposes of the volume 
With this appraisal the review'er for the Archives 
agrees wholeheartedly The first and third editions 
have already been review^ed here (51 171 [Jan ] 1933 , 
64 889 [Oct ] 1939) and now the fourth is welcomed 
As has been said previously, this work is an up-to-date 
textbook w’hich opens up the vast field of medical 
knowdedge m a manner both sensible and interesting It 
deseives continued success 

Medico-Legal Blood Group Determination By 
David Hailey, MD Price, $3 50 Pp 119, with 
13 illustrations and 23 tables New York Grune 
Stratton, 1944 

This compact volume will serve as a useful introduc- 
tion to the subject with vhich it deals Its contents are 
well organized and clearly presented There is an 
adequate discussion of the theoretic background of the 
A, B and O and the M and N blood groups and the 
laws of inheritance of these factors 
A slide technic of grouping and typing is described 
which seems a little cumbersome in comparison to the 
use of test tubes, which many writers have found pref- 
erable, particularly for M and N typing A brief his- 
tory of the legal status of the tests for blood groups is 
included, and a repoit by the Select Committee of the 
House of Lords on the Bastardy (blood tests) Bill, 
which was under discussion before the war This report 
will provide useful information to those interested m 
introducing such legislation in this country 
The technic of examining blood stains and secretions 
in the practical application of such findings seems to be 
some^yhat brief and oversimplified The final chapters 
are devoted to analyses of interesting histones of cases 
in which the author had the opportunity to examine 
stained specimens of blood and secretions 

Manometne Techniques and Related Methods for 
the Study of Tissue Metabolism By W W 
Umbreit, R H Burris and J F Stauffer Price, 
$3 50 Pp 198, with 29 tables and 42 figures 
Minneapolis Burgess Publishing Company, 1945 

This book IS intended for the beginning graduate 
student It contains detailed descriptions of apparatus 
and technics for methods which have been found to be 
satisfactory in the laboratories of the authors and of 
their associates at the University of Wisconsin It is 
not intended to be comprehensive but includes only 
methods which require a minimum of equipment The 
Warburg respirometer and the differential manometer 
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are described in detail, with typical examples of their 
use and of the calculations involved In addition, there 
are descriptions of Thunberg technics and electrometric 
methods for the determination of dissolved oxygen and 
for the determination of oxidation-reduction potentials 

The chapters “Methods of Tissue Preparation,” 
“Manometnc Estimation of Metabolites and Enzyme 
Systems,” “Methods for the Analysis of Phosphorylated 
Intermediates” and “Preparation of Physiologically Im- 
portant Intermediates and Metabolites” should be par- 
ticularly valuable for the beginner in this field 

There are some inexact and ambiguous statements 
and some carelessness in mathematical notations which 
mar the first few chapters 

The Ammo Acid Composition of Proteins and 
Foods Analytical Methods and Results B 5 '- 
Richard J Block and Diana Bolling Price, $6 50 
Pp 396, with tables and 1 figure Springfield, III 
Charles C Thomas, Publisher, 1945 

The authors of this monograph have gone to utmost 
pains to put together a vast amount of detailed knowl- 
edge concerning the ammo acids which is timely and of 
clinical interest The fact that their bibliography in- 
cludes seven hundred references gives an idea of their 
careful work 

This type of book is unlikely to have any general 
appeal It is the kind of work, however, which all in- 
vestigators interested in biochemistry will utilize, par- 
ticularly those clinicians who are especially concerned 
with nutrition Above all, it will appeal to persons 
who undertake analysis of the amino acids, since appro- 
priate methods are described so clearly The medical 
profession for a long time to come will be indebted to 
the writers for this enterprise and for the scholarly 
manner in which they have completed it 

Los grandes sfntomas o sfndromes Sfntesis de 
terapeutica clinica By Ambrosio Nijensohn Pp 
366 Buenos Aires Libreria y editorial “El Ateneo,” 
1944 

The author presents a group of syndromes and 
symptoms which are frequently encountered by most 
physicians, classified by systems, such as respiratory, 
digestive or cardiovascular The presentation is excel- 
lent, methodical and to the point, a brief discussion of 
the etiology, fundamental pathology and mam symptoms 
IS followed by a detailed description of the therapeutics 
involved 

At the end of each section is found a tabulated resume 
of what has been presented in the previous pages The 
bibliography is excellent and well arranged and com- 


prises references from the world’s literature The book 
IS of value mostly to the general practitioner as a means 
for quick reference in the treatment of certain common 
conditions 

The Gastro-Intestinal Tract A Handbook of 
Roentgen Diagnosis By Fred Jenner Hodges, 
B S , M D Price, §5 50 Pp 320, with illustrations 
Chicago The Year Book Publishers, Inc, 1944 

The author of this small volume indicates that it is 
his desire to present information to assist the physician 
in choosing and interpreting roentenograms of the gas- 
ti ointestmal tract 

His object is accomplished in 320 pages, half of which 
are devoted to reproductions of roentgenograms and the 
rest to a discussion of these, together with suitable 
references 

The reviewer feels that not only practicing physicians 
but many roentgenologists can profit from reading this 
handbook 

Microbiology and Pathology By Charles F Cartel, 
M D Third edition Pp 777, with 200 illustrations 
and 20 colored plates St Louis C V Mosby Com- 
panj, 1944 

In general, it is moie difficult to write about medicine 
for nurses than for physicians, as the former are less 
likely to have an adequate background in the funda- 
mental sciences This book seems to accomplish very 
well Its purpose of explaining in a simple way the 
fundamental concepts of bacteriology and pathology for 
nurses The illustrations are abundant and adequate, 
and there are a glossary and an index 


News and Comment 


NEW YORK INSTITUTE OF CLINICAL 
ORAL PATHOLOGY 

An open meeting of the New York Institute of Clin- 
ical Oral pathology will be held at the New York 
Academy of Medicine, 2 East One Hundred and Third 
Street, New York, at 8 IS p m, Monday, April 30, 
1945 There will be a symposium entitled “A Surve> 
of the Antibiotic Problem,” in which seven outstanding 
physicians will take part Further information may be 
piocured from the Executive Secretary, 101 East 
Seventy-Ninth Street, New York 21 
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ARACHNODACTYLY (SPIDER FINGERS) 

H GRAY, M D 

SAN FRANCISCO 


Neaily'half a centuiy ago theie appeared the 
first report (Marfan, 1896)’- on a developmental 
anomaly which was well described as a con- 
genital deformation of the foui extremities char- 
acterized by long and slendei bones The names 
applied to the condition have been spidei fin- 
gers, arachnodactyly or arachnodactylia, doh- 
chostenomelia, and hyperchondroplasia (by way 
of contrast with achondroplasia) Subsequently 
othei congenital disabilities have been associated 
dislocation of the lens, cardiac defects and feeble- 
mindedness More than 200 cases aie said to 
haAe been reported in the literature, and the 
condition is indeed not laie, since 4 patients have 
been called to my attention by members of the 
stafiE within the last t^^o yeais Judging by a 
sur\ey of a dozen reports in print,- one is sur- 
piised by the scarcity of anthi opologic measuie- 
ments, since these would certainly permit the 
eailier and more accuiate recognition of cases 
now clinically missed In some of the leports 

Aided by the Rockefeller Fluid Research Fund 

From the Department of Medicine, Stanford Uni- 
versity School of Medicine 
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of cases the diagnoses were not wai ranted by 
the measurements given , in many of the cases the 
measurements were fragmentary, perhaps only 
of one finger or even of one phalanx, and, finally, 
in most cases the landmarks used were so obscui e 
as to prevent comparisons by the readei Some 
sounder evidence, partly computed from obser- 
vations in the literature but mainly from my 
own observations, together with the more notable 
clinical complications, will now be presented sys- 
tematically from the aspect of the build of the 
patient 

REPORT OF CASES 

Case 1 (Joe G ) — Family Histoty — Arachnodactyly 
was not known to be present m the grandparents, the 
parents or the five siblings, who ranged m age from 
t2 down to 4 years Similar statements are common 
about reported cases but should be regarded skeptically , 
more than once 4 instances in the same family have 
been reported (Weve, 1931) hence it is probable that 
a number of the instances in the literature stated to be 
isolated oould have been demonstrated to be really 
familial if measurements had been made of the imme- 
diate relatives However, I have not had the oppor- 
tunity to record these measurements for the 4 new 
cases 

Personal History — This boy, the third among six 
children of a Dalmatian mother and a Portuguese 
father, was born Dec 1, 1933 and was 10 years old 
whgn he was studied in Stanford University Hospital 
There was no peculiarity about pregnancy or birth 
His birth weight was 9 pounds (4,082 Gm ) Also 
his hands, feet and ears were noticed at once as large, 
and the nurses called him “infant Hercules ’’ 

At 1 year his difficulty in seeing was noticed, and 
this deficiency has progressed and is now the chief 
complaint Early in his infancy the frailness of the 
musculature was observed At 5 he had to have spe- 
cial shoes, partly because of the length but mainly 
because of the extraordinary narrowness of his feet 
At 6 he entered school, where he has been cooperatiie 
and IS now, with some outside help from the teachers, 
in the fourth grade At 7 he had some kind of dis- 
order of the kidneys which vanished within a year 

Evaminations — ^The physical and neurologic exami- 
nations were made by Dr Frederick A Fender, who 
referred the patient to me for a study of his build 
Little was found amiss The patient appeared of nor- 
mal intelligence There was underdevelopment of the 
biceps, triceps and of the muscles of the forearms, 
thighs and calves There was slight ataxia on the 
finger to nose test bilaterally The biceps and triceps 
reflexes were absent 
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The psychologic examination was made by Dr Hale 
Shirley, who reported that the intelligence quotient was 
90 and was reasonabl}" accounted for by the difficulty 
in vision 

The urine was normal 

The examination of the eyes by Dr Jerome W Bett- 
man revealed that the chief complaint was nearsighted- 
ness which had been present from infancy External 
inspection revealed noticeable smallness of the pupils, 
probably congenital Such miosis is a part of the syn- 
drome found in association with dislocated lenses and 
arachnodactyly Severe iridodonesis (tremulous move- 
ments of the iris), pathognomonic of subluxation, dis- 
location or absence of the lens, was noted in each eye 
As the pupils did not dilate well with homatropine 
hydrobromide cjcloplegia, careful examination of lenses 
and fundi was carried out ivith difficulty The lenses were 
subluxated and still in the patellar fossa The optic disks 
and surroundmg areas appeared to be W’lthin normal 
limits With uncorrected vision Joe was able to count 
fingers at 6 feet (18 meters) with the right eye and 
at 8 feet (2 5 meters) with the left eye Retinoscopy 
with homatropine cycloplegia disclosed between 20 and 
25 diopters of myopia in each eye Correction of the 
refractive error improved the vision only to the extent 


I x y s 



of allowing him to count fingers at 10 feet (3 meters), 
but a — 20 D sphere was prescribed for each eye wJth 
the assumption that a portion of the visual difficulties 
might be due to congenital amblyopia, evidenced by 
the patient’s mability tp see clearly beyond the end of 
his nose without glasses His parents were advised to 
bring him in again in approximately six months 

The cardiac examination was made by Dr J K 
Lewis, who reported “Examination of the heart showed 
a systolic murmur over most of the precordium and 
within the apex a pair of extra sounds during systole 
Roentgenograms of the heart showed it to be normal 
in shape and at the upper limit of normal size A 
diagnosis of the type of lesion could not be made” 
These extra cardiac sounds are put on record in figure 1 

This topic IS being further studied by Dr D A 
Rytand With regard to cardiac function, it may be 
added that the boy plays actively and has never had 
cyanosis or edema 

Cases 2, 3 and 4 — Clinically these 3 patients showed 
no ocular or cardiac defects but were called to my 
attention by Dr Lloyd B Dickey The patient in 
case 2, Kathleen S , aged 13, was measured by him 
The measurements of the patients in case 3, Louis M , 
aged 13, and case 4, Loraine B , aged 6, were made 
by me from roentgenograms or taken from the records 


of the pediatric department The observations on 
these 3, being partial, are merely shown in some of 
the tables and .discussed incidentally Most of what 
follows will refer to the patient in case 1, Joe G 

ARACHNODACTYLY AND OTHER VSPECTS 
or BUILD 

Inspection — Besides the points alieady noted, 
the patient, Joe, showed a funnel depression at the 
lower end of the sternum, as has been reported 
in earlier cases The distribution of hair and of 
fat and the penis and testes were all normal 



Fig 2 (case i) — General appearance of the patient 

enough His general appearance is shown in 
figure 2 

Methods of Measia ement — All measurements 
Avere made on the naked patient The landmarks 
and technic follow anthropologic authorities, but, 
as even they differ in certain items, the specifica- 
tions are recoided The body and head were 
measured by the method of Hrdlicka,® except for 
the head height, which was done with Todd’s 
head spanner All details may be found in earlier 

3 Hrdlicka, A Anthropometry, ed 1, Philadel- 
phia, Wistar Institute of Anatomy and Biology, 1920, 
pp 79-81 , ed 2, 1939, p 97 
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publications (Giay and Ayies, 1931) ^ special 
circumferences (Bayei and Gray, 1934),® hand 
(Bayer and Gray, 1933),® aim, foot, leg and seg- 
ments (Kaslow and Gray, 1941,^ Giay, 1941)® 
and foot breadth (Hrdhcka, 1920, 1939 ® and 
Gray, 1937) ® 

No)mal Standaid — The choice of a standaid 
of leference with which to compare a patient of 
peculiar build is apt to be conti oversial In this 
instance one would wash a standard based on 
boys aged 10 years, the offspiing of Portuguese 
fathers and Dalmatian mothei s, brought up undei 
the conditions of life on a fiuit lanch in Santa 
Clara County No such standard is available 
I shall use a standard based on measurements of 
173 boys aged between 9 5 and 10 5 yeais, of 
mixed racial stocks, mostty third generation 
native born Their economic status was higliei 
than the patient’s, but his w'as not at all im- 
poverished, inasmuch as he was bi ought to the 
hospital as a private, not a w ai d, patient Furthei - 
more, the standard w^as based on our own obsei - 
vations (Gray and Ayres, 1931)^ and theiefoie 
coriesponds precisely as to technic Since pii- 
vate school children are iiotabl)'’ tall and slender 
for their age, their standard is more appropriate 
than might be thought at first, because it is less 
likely than most standards to exaggeiate the un- 
usual tallness and slimness of the patient This 
standard will be referred to hereafter as the noim 
For the other cases to be discussed, vaiious 
standards were used but will be omitted here 

Methods of Intel pi eting the Measui eiuents — 
The measurements will be displayed m seveial 
tables For the sake of the reader, how'^evei, 
only the more significant items will be selected 
for discussion Occasionally the absolute values 
will be emphasized, but for the most part the 
patient’s dimensions will be i elated to the noun 
In order to avoid tedious repetition, the follow ing 

4 Gray, H , and Ayres, J G Growth in Private 
School Children, with Averages and Variabilities Based 
on 3,110 Measurings on Boys and 1,473 on Girls, Chi- 
cago, University of Chicago Press, 1931, chap 3, p 90 

5 Bayer, L M , and Gray, H Anthropometric 
Standards for Working Women, Human Biol 6 472 
(Sept) 1934 

6 Baj^er, L M , and Gray, H The Hand Method 
of Measurement, Am J Phys Anthiopol 17 379 (Jan- 
March) 1933 

7 Kaslow, A L, and Gray, H Segment-Propor- 
tions m the Extremities, with Special Reference to Tall 

' Men and Giants, Growth 5 385 (Dec ) 1941 

8 Gray, H Leg-Length A Survey of Methods 
Together with New Conversion Equivalents, Growdh 
5 373 (Dec) 1941 

9 Gray, H The Minneapolis Giant, Ann Int 
Med 10.1669 (May) 1937 


expressions will be used lepeatedly, and are 
therefore now specified 

1 Absolute measurement, mainty m millimeters 
(table 1) 

2 Relative measurement, as a percentage of 
stature 

3 Segment pioportion, the pioportion which 
a member such as the hand bears to the whole 
extremity such as the total upper extremity from 
the acromion to the tip of the midfinger 

4 Rank oi peicentile, the position of the 
patient among 100 normal boys of his age This 
lank will be a most useful expipssion to the 
leader thioughout the text The method of 
calculation is that usual in statistical work and 
will therefore be omitted, save foi a single expla- 
nation foi any one w^ho may wish the detail 


Table 1 — Rouhm Data on the Build of Patient Joe G , 

Case 1 ^ 





Absolute 

Relative in 




m 

Percentage of 

Mensurement 



Millimeters 

Stature 

Stature 


S 

1,545 

100 0 

Sitting height 


Si 

763 

49 4 

Chest circumference 


0 

6S4 

443 

Transverse 


T 

240 

15 9 

Anterior posterior 


AP 

156 

101 

Module 


Ohm 

201 

13 0 

Shoulder biacromial 


BA 

320 

20 7 

Pch is bicristal 


BC 

277 

17 9 

Head length 


L 

183 

118 

Breadth 


B 

148 

96 

Height 


OH 

122 

79 

Module 


CM 

151 

98 

Face height 


MN 

108 

70 

Breauth 


BZ 

128 

83 

Module 


PM 

118 

76 

Nose heig-ht 


NH 

48 

31 

Breadth 


NB 

28 

18 


* Weight (W) m kilograms is 35 0, in relation to stature in 
centimeters, 28 7 


Body and Head — The set of dimensions for 
loutine study of build and growth, as picked fiom 
the vast number available in the physical anthro- 
pologic authorities, was used in our first mono- 
graph, in 1931,^ and still proies satisfactor}^ 
Foi this patient, these are put on record in table 1 

COMMENT 

His weight in absolute terms (kilogiams) was 
piactically normal for his age If it is related to 
his tall stature, however, by computation of a 
weight-statui e index (W [Kg] S [cm]) it is 
found that his relative weight is low, nearly 
dowm to the twenty-ninth percentile, that is to 
say, 29 per cent of boys of his age would be still 
thinner (Following is the method of compu- 
tation His w^eight-stature index is 22 7 The 
normal index for boys of 10 } ears [given in the 
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table m oui monogiaph] is 244, hence his index 
IS 1 7 below normal [22 7 — 24 4 = — 1 7] 
This deviation divided by the standard deviation 
[3 1], the conventional unit for assessing devia- 
tion, equals — 0 55 [ — 17 — 31 = — 0 55] 
When this value for x/o- is refeired to a proba- 
bility table, the patient’s percentile lank is found 
to be 29 1 ) 

His height IS above the mean b} 13 cm (5 1 
inches), this deviation putting him nearl}’- up to 
the 99 percentile , that is, only 1 per cent of boys 
of his age would be expected to be tallei Hence, 
he IS extremely tall but not a giant 

The bicristal width of the pelvis, 277 mm , was 
most extiaordmar)'^ and was theiefore remea- 
sured the next day uith a diffeient pair of 
calipers, by way of confirmation The relative 
value of bicristal width to statuie (BC/S) was 
17 9 per cent Both these values, absolute and 
lelative, are largei than those shown by any of 
the 173 normal controls aged 9 5 to 10 5 yeais, 
and even larger than those of any one of the 
next older group of noimal controls, 201 boys 
between 10 5 and 115 yeai s Even in oui nor- 
mal girls, the magnitude 277 mm was not reached 
as an average until the group of girls aged 17 5 
to 18 5 years Whether the patient’s pelvis was 
feminine in othei lespects was not studied His 
genitalia, as remarked already, were not particu- 
larly small 

The biacromial diameter or shoulder bieadth 
was, on the contraiy, narrow The lelative value 
of the biacromial width to the stature (BA/S) 
set his position at the 19 percentile , that is, 19 
per cent of normal boys would probably be even 
more narrow-shouldered 

The rest of the dimensions of his body and 
head will be most easily grasped by the readei 
when presented m relative terms as percentages 
of stature or as the patient’s position m i‘ank 
among his fellows Thus, the transverse diam- 
eter of the chest in relation to the statuie (T/S) 
at 15 9 per cent of statuie was normal, which 
put him practically on the 50 percentile All the 
remaining relative dimensions were smaller than 
normal and placed the patient in progressive^ 
lower rank, relative weight at 29 percentile, 
shoulder breadth and nose height at 19, chest 
circumference at 16, then anteroposterior chest 
depth, head breadth and bizygomatic breadth of 
face at 7 and mentonasion face length at 6 The 
remainder placed him at lower than the 1 per- 
centile, that is, fewer than 1 boy in 100 would 
have as low a measurement as the patient 
These items were relative sitting height, lelative 
head length, relative head height and relative 
nose breadth There is, in shoit, distinct evi- 


dence of microcephaly, appaiently a new finding 
m connection with arachnodactyly 

The indexes m table 2 may now be considered 
The amazing one is the trunk breadth index, 
biciistal to biaciomial (BC/BA), 86 6 per cent 
This disproportion between the upper and lower 
ends of the trunk is so rare as to occur, I be- 
lieve, less often than once in a thousand persons, 
and probably even less than that The other 


Table 2 — RonHue Indexes for Patient Joe G, Case 1 


Index 


Percentage 

Chest 

AP/T 

63 4 

Transverse breadth 

BC/B4 

SCO 

Cephalic 

B/B 

80 9 

Face 

MN/BZ 

&44 

race/hend length 

MN7B 

69 0 

rnce/head breadth 

BZ/B 

805 

Nose 

^B/^H 

533 


indexes worth}’’ of comment are slenderness of 
the nose, the nasal index or breadth to height 
(NB/NH), 58 3 per cent, which put the patient 
at the 12 percentile rank, and the flat chest 
index, anteroposterior to transverse (AP/T), 
63 4, a figui e w Inch placed the patient at the 
4 percentile rank 

Gil tJis of the Exit euuties — The measurements 
both absolute and i elatn e, ai e shown in table 3, 


Table 3 — Gvths of Extremities 




^orm' 

Joe 

Ratio 



(1) 

(A 

(S) 





(2)/(l) 



Vbsolute Measurement 



r 

- A 



Extrtmitj 


Mm 

Mm 


Thigh 

Tg 

405 

372 

0 92 

Calf 

Cf 

283 

232 

0 82 

1 pper arm 

hi 

002 

ISS 

0 93 

lorcarin 

Li 

20S 

184 

OSS 




Average 0 89 



Measurement In Bela 




tion to Stature 



r 

Per Cent 

Per Cent 


Thigh 

Tg/S 

20 7 

241 

090 

Calf 

Cf/S 

18 7 

15 0 

0 80 

Upper arm 

hits 

13 

12 2 

0 92 

Porearm 

LA/S 

13 7 

119 

087 




■Vverage 0 87 


* Tho nearest norm for boys of average stature, l,5lo mm 
ma\ be found in Martin,*® page 292 


together vvith some standards taken as the near- 
est appioach (Martin) It is plain that oui 
patient has lemaikably slender muscles Foi 
these items no lanks can be stated, because no 
standaid deviations are at hand 

10 Martin, R Lehrbuch der Anthropologic, ed 2, 
Jena, Gustav Fischer, 1928, vol 1, pp 390, 396-399, 
419 and 421 
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Hand and Fingers — The data are in table 4 
The measurements on the patient were made 
paitly on the living hand, partly on an outline 
tracing and partly on a roentgenogram of the 
left hand They aie therefore quite accurate and 


do by way of comparison seems to be to take 
the various items related to stature and to com- 
pare these relative measurements with the rela- 
tive measurements of such normal controls as 
aie available The remarkable features are the 


Table 4 — Hand Measia ements 


Joe G Kathleen S 

Age 10 1 Tears Age 13 1 Tears 





Rela- 

Norm 



Rela- 

Norm 







tive In 

in 



tive m 

m 


Louis M 

LoraineB 



Absolute 

Percent- Percent 


Absolute 

Percent- 

Percent- 


13 6 

6 



m 

age of 

age of 

Ratio 

in 

age of 

age of 

Ratio 

Tears 

Tears 



Mm 

Stature 

Stature 

(4)/(6) 

Mm 

Stature 

Stature 

(8)/(9) 

Mm 

Mm 

(1) 

(2) 

(3) 

(4) 

(6) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

Ray I = thumb 

I 

137 

89 

80 

111 

153 

94 

78 

121 

133 

95 

Bay II = inde\ 

II 

179 

11 6 

10 6 

109 

19S 

12 2 

10 5 

116 

166 

129 

Bay III = hand L 

HL 

186 

12 0 

111 

108 

206 

12 7 

11 0 

1 15 

171 

130 

Bay rv = ring 

rv 

181 

11 7 

10 5 

112 

195 

12 0 

10 4 

1 15 

163 

122 

Bay V = little 

V 

159 

10 3 

91 

113 

165 

10 2 

91 

1 12 

138 

104 

Finger length III 

PL 

95 

62 

56 

112 





87 

60 

Pahn length 

PL 

91 

69 

56 

107 





84 

70 

Hand breadth 

HB 

72 

47 

5 0 

0 93 

78 

48 

50 

096 

‘ 80 

54 

Bistyloid breadth 

Bs 

48 

31 

34 

0 91 







Hand circumference (me) 

HC 

171 

111 

119 

0 93 







Palm circumference (max ) 

PO 

176 

113 

12 5 

091 







Wrist circumference (min ) 

Vr 

130 

84 

96 

0 88 











Mm 

(3)/(5) 



Mm 

(7)/(9) 



Stature in mm 

S 

1,545 


1,415 

109 

1,626 


1,617 

101 

1,629 

1,181 




In Ratio to 



In Ratio to 







Stature m Cm 



Stature in Cm 






Kg 

it 

t 

> 

(4)/(5) 

Kg 

/ ^ 



(8)/(9) 

Kg 

Kg 

Weight 

w 

350 

22 7 

24 4 

093 

40 8 

28 8 

316 

0 91 

34 7 

15 2 


Table 5 — Segmental Proportions 


Name 





Joe G 

i. 


Kathleen 

— K 


Louis 

A 

Loraine 

>A 

Gabrielle Not Stated 

^ TW P t* V ^ 2 0 ^ o n /» /X { o ^ 2 J 



r- 



r 

> 

1 

s 


1 






Ratio of 


Ratio of 


Ratio of 


Ratio of 

Ratio of 

Ratio of 





Relative 


Relative 


Relative 


Relative 

Relative 

Relative 




Relative 

Measure 


Measure 


Measure 


Measure 

Measure 

Measure 



Abso 

in 

ment to 

Abso 

ment to 

Abso 

ment to 

Abso 

ment to 

ment to 

ment to 



lute 

Percent 

That of 

lute 

That of 

lute 

That of 

lute 

That of 

That of 

That of 



in 

age of 

Normal 

in 

Normal 

in 

Normal 

in 

Normal 

Normal 

Normal 



Mm 

Stature 

Control 

Mm 

Control 

Mm 

Control 

Mm 

Control 

Control 

Control 

Hand length 

da ca 

186 

12 0 

1 08 







112 


Radius length 

r ca 

250 

16 2 

1 08 







115 


Humerus length 

ac r 

293 

19 0 

1 02 







118 


Total arm length 

ac da 

729 

47 2 

106 







115 


Foot length 

ap pt 

260 

16 8 

112 

254 

1 05 

234 

1 02 

107 


116 

103 

Shank 

ti sph 

380 

24 6 

1 16 






'' 

111 

137 

Thigh 

in ti 

425 

27 5 

1 20 







■ 099 

124 

Cumulated leg 

- 

1,065 

689 

116 







108 

1 23 

Foot breadth 

mt • 

75 

48 

084 

76 

0 86 

85 

0 98 

56 





Percentage 


Percentage 

Percentage 





Foot index 

FB/FL 

, 288 


0 79 

29 9 

083 

36 3 

0 96 

335 

0 92 



Hand index 

HB/HL38 7 


0 86 

37 9 

082 

46 8 

1 05 

41 5 





quite complete and are, I believe, the smallest 
number of items suitable to a proper study of 
the size and shape of the hand 

The patient’s rank cannot be estimated be- 
cause of lack of standard measures of variability 
for this little studied trait in man The best I can 


length of the patient’s hand as a whole, the length 
of the five so-called rays (a better unit than 
finger length) and the slenderness of the hand 
The relative hand length, 12 per cent of the 
stature, is most exceptional, being entirely out- 
side any values I have found in normal people 
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and lying among the values for giants as shown 
in the diagram m my paper on the Minneapolis 
giant (Gray, 1937) ® A convenient figure to 
hold m mind for the normal hand is about 1 1 per 
cent of stature The comparison may be ex- 
pressed as the ratio of patient to norm, according 
to the values from table 4, as 12 0 divided by 
1 1 1 = 1 08, or 8 per cent m excess of normal 
The hand index at tlie foot of table 5, hand 
breadth to hand length (HB/HL), gives the 
ratio 72 to 186, or 38 7 per cent This may be 
compared with the index computed from the 
averages for hand length and breadth for oui 16 



Fig 3 (case 1) — Hands of the patient 


Table 6 — Hand Length in Percentage of Statute 
(Relative Hand Length, HL/S), Some 
Cases From the Literature 


Observer 

Patient 

Sex 

Age 

HL/S 

Eatio * 

Eoch 

1937 

Name not stated 

F 

29 

13 8 

1 20 

Case 2 

1944 

Kathleen 

F 

13 

127 

116 

Borger 

1915 

H G 

M 

9 

12 0 

116 

Francois 

1935 

Name not stated 

M 

12 

12 3 

1 14 

Mery 

1902 

Gabrielle 

F 

11 

12 4 

112 

Case 1 


Joe 

M 

10 

12 0 

108 

Marfan 

1896 

Gabrielle 

F 

5 

117 

107 

Eoedercr 

1938 

Name not stated 

F 

13 

10 0 

103 

Case 4 


1/oralne 

F 

G 

no 

1 02 

Case 3 


Louis 

M 

18 

112 

101 


may be carried in mind as agreeing with the i un 
of values for sundry series in Martin’s textbook 
But even if one should take his most extieme 
figuie for Europeans, 16 0 per cent of stature, 
the patient is still longei footed From the view- 
point of slenderness, next, let us considei his 
foot index of breadth to length (B/L) of 288 



Fig 4 (case 1) — Feet of the patient 


Table 7 — Foot Length m Percentage of Stature, 
Some Cases from the Literature 


* Eatio of relative measurement of patient to that of 
normal control 

tall normal controls (Kaslow and Gray, 1941), 
which was 45 Taking the ratio patient to norm, 
one has 38 7 to 45 0, or 0 86, or 14 per cent 
narrower than expectation Or the patient’s 
index may be compared with the lowest index 
given (Martin) for Europeans, namely Fiench- 
men at 42 7 Against this standard, the patient’s 
slenderness is not so obvious but is still very 
definite 

Foot — The relative foot length in table 5 is 
16 8 per cent of stature, which may be com- 
pared with the relative foot length in our 16 tall 
controls at 15 per cent, or a ratio patient to norm 
of 1 12, or 12 per cent longer than expectation 
The relative foot length taken here as standard 


Observer 

Patient 

Bex 

Age 

FL/S 

Ratio 

Merj 

1902 

Gabrielle 

F 

11 

17 6 

116 

Case 1 


Joe 

M 

10 

lOB 

112 

Eoch 

1937 

Name not stated 

F 

29 

16 8 

110 

Borger 

1916 

K B 

F 

1 

16 4 

109 

Borger 

1916 

H G 

M 

9 

16 8 

105 

Case 2 


Kathleen 

F 

13 

16 6 

105 

Marfan 


Gabrielle 

F 

11 

16 2 

104 

Francois 


Name not stated 

M 

12 

16 6 

103 

Case 4 


Loraine 

F 

6 

141 

102 

Case 3 


Louis 

M 

13 

16 3 

101 


* Ratio of relative measurement of patient to that of 
normal control 

per cent against the lowest index given (Martin) 
for boys, namely 384, fiom which is obtained 
the ratio patient to noim of 0 75, or 25 per cent 
slenderer than expectation This is certainly an 
amazing foot 

Segment Proportions 'in the ExtieniiHes — 
Fiom these relations between limb length and 
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body length (statuie), one must now distinguish 
the proportions between each of the three seg- 
ments as against the total limb This segmental 
viewpoint has been little documented m the litera- 
ture, nevertheless, it is worth study (a) for 
pure science, (b) for possible use in estimating 
fitness for particular sports or particular occu- 
pations and (c) for diagnosis of abnormalities 
of growth, such as dwarfism or partial gigantism 
A beginning in this direction was made in an 
earlier paper with reference to tall normal men 
and giants (Kaslow and Gray, 1941) ^ 

Pursuing this approach, with leference to the 
special form of partial gigantism called arachno- 
dactyly, a latio may be made between each seg- 
ment proportion for the patient and the corre- 
sponding normal segment proportion as near as I 
have been able to estimate it The computations 
discussed in the following paragraph in percen- 
tages of limbs are not tabulated in table 5 , but, as 
a matter of record for comparison with the litera- 
ture, which is more apt to state segments in 
percentages of stature, the more important data 
are so presented One finds, then, that the 
patient’s value for the hand (specifically, hand 
length from dactylion to carpale [da-ca] divided 
by total arm length of acromion to dactylion 
[ac-da]) to be in ratio to the normal value as 
1 06 1, that IS, 6 per cent longer , for the radius to 
be 1 01 1, that is, 1 per cent longer, and for the 
humerus to be 0 96 1, that is, 4 per cent shorter 
In other words, the tentative implication is that 
arachnodactyly manifests a partial gigantism 
in the upper limb which is not of like degree in 
the three segments, but is progressively more 
pronounced as one proceeds away from the body 
For the lower extremity, however, surprisingly 
enough the reverse is found, since the inordinate 


length IS less noticeable distally The details 
follow The patient’s value for the foot is to 
the normal value in the ratio of 0 86 1, that is, 
14 per cent less , for the shank in the ratio 1 04 1, 
that IS, 4 per cent longer, for the thigh in the 
ratio 1 20 1, that is, 20 per cent longer 

If another comparison is tried, by using as 
working unit the proportion of segment to stat- 
ure, as in table 5, one finds confirmation both 
for arm and for leg segments That is, in the 
arm the disproportion is more pronounced dis- 
tally, whereas in the leg the disproportion is 
more pronounced centrally 

In connection with the hypothesis in the litera- 
ture that this condition presents the opposite 
of achondroplasia, the segments should prove to 
be proportionately longer, the farther from the 
trunk they are Evidence so far is equivocal 
Discrepant findings for the two extiemities are 
not solved by the few pertinent figures which I 
have found in the literature and have translated 
into ratios and shown in the last columns in 
table 5 For the paradox in the two extremi- 
ties, then, I see no immediate explanation It is 
to be remembered, however, that the technic of 
leg measurement, especially of the thigh segment, 
is more difficult than that for the measurements 
of the segments in the arm, and this difficulty 
may even cause unreliable observations 

SUMMARY 

A 10 year old boy presented the laie anomaly 
aiachnodactyly, or spider fingers, together with 
congenital dislocation of the lenses and a con- 
genital cardiac peculiarity A new contribution 
to the knowledge concerning this anomaly was 
made through a careful study of physical build 
by means of anthropologic measurements 



PRIMARY ATYPICAL PNEUMONIA OF UNKNOWN CAUSE 

CAPTAIN ROBERT C ' SCHMITZ 

MEDICAL CORPS, ARMY OF THE UNITED STATES 


Pnmaiy atypical pneumonia, or viral pneu- 
monia, IS not a new disease but has come into 
prominence because of its probable increased in- 
cidence, its lack of response to sulfonamide drugs 
and the more generalized use of roentgen therapy 
The morbidity of this disease is at the present 
time four times that of the pneumococcid lobar 
type of pneumonia ^ According to reports of the 
United States Army, the incidence of the disease 
IS about 20 to 25 per cent of that of all infections 
of the respiratory tract " and above 50 and per- 
haps as high as 75 to 80 per cent of that of all 
pulmonary lesions ® In the United States Navy 
the morbidity exceeds the figure for 1942, which 
was 2 79 per thousand ^ The loss of time m 738 
cases in the air corps amounted to 20,000 man 
dai^s, or 55 man years ® 

EPIDEMIOLOGY 

This disease, like many other infections, occurs 
m epidemics and is spread by direct contact only 
rarely Perhaps the causative organism is dis- 
seminated by carriers or diseased persons who 
are “moist speakers” or impolite coughers Dis- 
eased birds have been thought to be a source of 
infection ° Coughing and sneezing animals, such 
as the cat, have been known to transmit the 

Most of the work on this paper was done while the 
author was a civilian 
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disease to man ’’ Laboratory workers after han- 
dling postmortem material have become ill with 
primary atypical pneumonia ® 

As high as 50 per cent of the population of 
some communities have been involved, possibly 
because of a common viral agent ° The degree of 
severity of infection varies with the depth to 
which the respiratory tract is involved, from 
acute rhinitis and tracheobronchitis to severe 
pneumonia Not all persons exposed to the 
disease acquire it Some having the same con- 
tacts acquire the disease m varying degrees of 
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seventy Longcope noted that persons with 
mild types of primary atypical pneumonia gave 
rise to the severer types in others, and vice 
veisa^- Thus it seems that theie is individual 
variation in susceptibility to the disease In gen- 
eral, children and infants aie more susceptible 
than adults, although the ages of higher incidence 
aie those of young adults No age, however, 
IS exempt Premature infants seem more sus- 
ceptible than full term babies There is some 
seasonal vaiiation The incidence is highest dur- 
ing cold, damp, changeable weather It is most 
common in the fall and early wintei,^^ and its 
morbidity is not affected by the increased inci- 
dence of the common cold or influenza The 
disease does occui in the tropics 

Outbreaks often occur in ciowded areas, such 
as schools, armies, orphanages and jails Hos- 
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pitals may be included in this list, for several 
repoits have stated that all groups of employees 
111 hospitals have been involved This does not 
exclude the physicians or the nurses, who have a 
high rate of incidence, perhaps because of fatigue 
and repeated exposure 

ETIOLOGY 

Primary atypical pneumonia is a clinical entity 
with multiple causes This disease may be caused 
by (1) a number of viruses, (2) rickettsias,^® 

(3) a protozoan that produces toxoplasmosis,^® 

(4) Coccidioides immitis and perhaps Mo- 
nilia”^ and (5) certain bacteria Among some 
of the early findings that suggested a virus as 
cause were bacteriologically sterile cultures of 
blood and of postmortem material and a de- 
creased flora m the nose, throat and sputum — 
especially of virulent organisms The latter ob- 
servation and also the low incidence of compli- 
cations have led some workers to believe that 
patients with primary atypical pneumonia have 
an increased resistance to the pyogenic organ- 
isms Laboratory woi k shows many of the 
viruses isolated from this and similar diseases 
to be antigenically related It has been thought 
that they may come from a parent strain Mi- 
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gration of some of the parasitic merozoites 
through the lungs has been known to produce 
at 3 fpical signs and symptoms of pneumonia 
Again, interstitial pneumonitis has occurred m 
heat pyrexia^® Some writers have noticed on 
culture an increase of viridans streptococci 
Indeed, several cases of fatal pneumonia have 
been reported in which these organisms were 
responsible Rhoads has shown experimentally 
that the more fulminating attacks of primary 
atypical pneumonia may be due to infection by a 
virus and vindans streptococci ^ Thomas and 
co-workers isolated a streptococcus (identified as 
no 344) m 2 cases of primary atypical pneumonia 
which terminated fatally and showed that in 55 
of 101 cases the patients had an increased titer 
to this organism^® Some pneumococci are re- 
fractory to sulfonamide compounds Gold stated 
that gonococci, staphylococci and pneumococci 
may become refractory to sulfonamide com- 
pounds if the patients are inadequately treated 
for as short a period as three days , moieover, the 
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organisms remain drug fast for a year or longer 
Again, even though adequate treatment with 
sulfonamide compounds is given, some pneumo- 
cocci become refractory 

PREDISPOSING FACTORS 

Chilling commonly predisposes to the disease 
Fatigue IS also an important factor Chronic dis- 
eases, such as chronic sinusitis and tonsillitis, 
have been thought to make the patient more 
susceptible Malnutrition and lack of thiamine 
also seem to predispose to the disease 

PRODROMAL SYMPTOMS 

A dry throat or a sensation of dryness while 
swallowing, malaise and weakness may be noticed 
five to ten days before the onset of other symp- 
toms®® A sensation of chilliness or a 'chill as 
well as fever may be noted a day or so before 
other symptoms appeal Thus a patient may 
have none or any one or more of these prodromal 
symptoms before the acute phase of the disease 
There may be a cutaneous eruption early in the 
disease ®® 

CHIEF COMPLAINTS 

A cough or a "cold” is the most common com- 
plaint Occasionally a patient calls the physician 
only because he has fever or because he is too 
weak to carry on his daily work Other common 
complaints are headache, generalized muscular 
aches, pains in the chest, shortness of breath and 
abdominal pains 
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SYMPTOMS 

The incubation period vanes fiom five®^ to 
twenty-six days Reimann, however, expiessed 
the opinion that in certain cases the incubation 
period IS one or two days The average dura- 
tion IS fourteen to twenty-one days, more pre- 
cise observations show it to be seventeen to nine- 
teen days The onset of the disease is usually 
insidious but may be acute in 25 to 33 per cent 
of the cases Daniels, however, reported a 
sudden onset in all of his cases 

In infants this disease may be secondary to 
measles and whooping cough The onset may 
be that of a cold or sneezing The children are 
iriitable or apathetic On the other hand, the 
onset can be alarming and begin with cyanosis, 
dyspnea and high fever Among 74 patients re- 
ported on by Adams and his co-workers,^^“ 56 
per cent of the infants with cough, dyspnea, 
c} anosis and high fever died , for those with a low 
fever the mortality rate was 20 per cent 

Cough IS perhaps the most common symptom 
and occurs in about 85 per cent of all cases It 
may appear at the onset of the acute phase or 
during the course of the disease Often the cough 
starts with a rise of temperature It may occur 
in paroxysms, especially at night Changes m 
the temperatuie of the room and the patient’s 
moving about in bed seem to stimulate the 
cough It IS often dry at the onset and may 
become productive later in the disease The 
sputum IS scant and may be mucoid, mucopuru- 
lent or even streaked with blood The cough may 
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be so severe as to cause fatigue, excess sweating 
and muscular aches in the abdomen and chest 
A burning sensation in the chest may be due to 
severe tracheitis or tracheobronchitis Other 
pains in the chest that should be mentioned are 
those due to pleuiisy and broken ribs, both of 
which occur rarely 

Headaches are commonly frontal oi peii- 
oibital or affect the entire head They are some- 
times described as throbbing Often these head- 
aches are so severe that they do not respond to 
ordinary treatment Not infrequently there is a 
burning sensation in the eyes Lacrimation occui s 
only occasionally Pain on rotation of the eye- 
balls, such as occurs in influenza, is rare and is 
though to be of aid in the differential diag- 
noses , yet soreness o^ the eyes on motion does 
occur not uncommonly “Tiredness of the eyes” 
seems to be a part of the generalized weak- 
ness and the generalized muscular ache that are 
so commonly present Accompanying the lack of 
stiength there may be sweating, in the more 
severe forms the sweat is drenching Frank 
chills are occasionally encountered, but most 
patients experience only a sensation of chilli- 
ness — often alternate chilliness and fever 

Dyspnea and cyanosis may occur on the 
fourth and fifth days of the disease These 
symptoms may be evidence of bronchiolar and 
alveolar occlusion, atelectasis, a hyalin-like lining 
of the alveoli, edema and infiltration of the inter- 
alveolar tissue and possibly enlarged hilar lymph 
nodes Other respiratory symptoms are rhinitis, 
pharyngitis and sometimes hoarseness and 
aphonia The two last-mentioned symptoms 
may precede the onset of the disease and disap- 
pear a few days after the beginning of the illness 
Othei symptoms may be anorexia and occasion- 
ally vomiting, abdominal distention, constipation 
and diarrhea Often return of appetite is the 
first sign of improvement 

The fever is usually of low grade, although the 
temperature may be as high as 105 or 106 F 
Some patients may be entirely afebrile, this has 
been noted m infants as well as m adults 
The fever curve may be biphasic^®, i e, there 
may be fever for one or several days (even up to 
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seven days®®), and then the temperature may 
return to normal, with some remission of symp- 
toms for a day oi so, only to rise again with 
exacerbation of symptoms The fever has a typi- 
cal swinging character , i e , the temperature is 
usually lower in the morning and higher in the 
afternoon or vice versa Defervescence is usually 
by lysis but occasionally by crisis The fever, 
depending on the severity of the disease, may last 
from two to forty-three days or even longer 

The heart rate is not inci eased m proportion to 
the rise in temperature as a rule There may be 
bradycardia, or in more severe forms this slow 
rate may give way to a more rapid one during 
convalescence Tachycardia may be present at 
the onset Owen stated that a rise in pulse rate 
suggests an increasing pulmonary lesion and that 
a slow pulse, despite high fever, is little cause for 
concern ® The respiratory rate, as a rule, is only 
slightly increased Herpes labiahs and epistaxis 
are rare , however, Cutts reported that 23 4 
per cent of his 60 patients had herpes labiahs 
Loss of weight and relapses are not uncommon 
Berryhill and associates stated that 7 patients had 
recurrences within tv o years Dochez stated 
that 1 patient had as many as four relapses ®® 
Thus it would seem that as yet little can be said 
about immunity to this disease 

The amount of discomfort and the disposition 
of the patients vary Malaise in the milder form 
of the disease may not be severe Green reported 
the case of a soldier who while he had a tempera- 
ture of 105 F was seen sitting up in bed, smok- 
ing and reading a comic sti ip It is obvious at 
once that such persons, who do not feel ill, are 
up and about doing their daily work for weeks 
and even months before they consult a physician 
This IS especially true if they are completely or 
nearly asymptomatic ®® , in this event they seldom 
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seek medical aid It is this group that is thought 
to be responsible for the spread of the disease 

PHYSICAL CHARACTERISTICS 

The nasal mucosa is often hyperemic, and the 
pharynx may be injected The throat does not 
have the generalized edema seen in colds In 
general, the physical manifestations in the chest 
are surprisingly few In about 50 per cent of 
Green's 110 cases no abnormalities of the chest 
were found on the patients’ admission to the 
hospital Dingle and co-workers could find no 
abnormal signs at any time m a few cases despite 
the fact that the location of the lesion was 
known -- Decreased breath sounds are more fre- 
quent than bronchial breathing One may hear 
only fine or medium, moist rales in late inspira- 
tion Often these rales do not appear until the 
tempeiature has fallen In 57 2 per cent of 155 
cases the first signs were presented within three 
days, in 27 per cent in four to seven days, m 5 5 
per cent m seven to nine days and in 3 1 per cent 
in ten or more days Duggan reported that he 
had heard the initial rales in some of his cases as 
late as the eleventh daj’' These may exist for 
several weeks after the patient has apparently 
recovered and the roentgen plate cleared At 
times rhonchi may be heard, especially during 
the later stages In the more severe forms con- 
solidation may be noted Abdominal tenderness 
and rebound tenderness may be elicited Occa- 
sionally the spleen and the liver are palpable 

PATHOLOGIC CHARACTERISTICS 

Grossly the lung is crepitant, with isolated 
areas of pink or gray consolidation that vary m 
size There may be hemorrhagic areas in the 
lungs Necrosis and ulceration of the epithelium 
may be found in the bronchi and bronchioles, 
with resulting cellulai debris filling the lu- 
mens Often a thick exudate of mucus, des- 
quamated cells, monocytes and a few neu- 
trophils and eosinophils fills the small bronchi, 
bronchioles and alveoli Beyond the obstruction 
there is atelectasis , in the other parts of the lung 
there may be emphysema The blood vessels may 
be thrombosed and necrotic and show pen- 
al teritic changes An infarct in a lung has 
been reported Spread of the pulmonary lesion 
IS not via the lumen of the respiratory tree but 
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lather by the interstitial tissue of the alveoli ad- 
jacent to the bronchioles Bronchoscopy reveals 
a mucosa that is inflamed and congested and that 
bleeds readily, as compared with the moderately 
inflamed mucosa chai actenstic of pneumococcic 
pneumonia 

Microscopically one may see areas of hemor- 
ihage 111 the lungs The interalveolai tissue is 
edematous, thickened and infiltrated primarily by 
monocytes The alveoli m addition may have 
a hyalin-like lining®^ Metaplasia of the alveoli 
has been seen Inclusion bodies have been found 

in the epithelial cells of the lespiratory tiact®^ 
Adams reported that these bodies are found with 
increasing difficulty if the course of the disease 
has extended beyond seveial days or if a secon- 
dary infection has set in Gedgoud, however, 
1 eported the finding of inclusion bodies m a child 
Avho died of the disease after twenty-three days 
of illness He also stated that he found these 
bodies in 25 of 35 women from whom he had 
taken vaginal and throat smears Inclusion 
bodies are not specific for viral infection, for 
they may be due to Haemophilus pertussis, Pas- 
teurella tularense, toxins, initative chemicals 
or the protozoan of toxoplasmosis °° Other patho- 
logic changes noted have been hemorrhage of the 
adrenal glands,^®'' acute splenic tumor,^^® focal 
necrosis of the liver,-'’’ acute follicular splenitis, 
necrosis of enlarged malpighian corpuscles of the 
spleen, edema of the meninges, mesenteric lymph- 
adenitis and hyaline necrosis of the diaphiagm- 
atic muscle ® 

LABORATORY FINDINGS 

In general, during the early stages of primary 
atypical pneumonia there is a normal, slightly 
depressed white cell count or even a slightly in- 
creased count ®® Cass, however, reported counts 
as low as 2,500 to 1,800 He stated that those 
patients who have extremely low blood counts 
are severely ill , thus he concluded that the more 
severe the leukopenia in the early stages the 
worse the prognosis Likewise any sharp use of 
the number of white cells from leukopenia to 
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marked leukocytosis may be indicative of bad 
prognosis McKinlay stated that so long as the 
original leukopenia is retained during the acute 
phase of the disease and is accompanied by con- 
sistently negative bacteriologic findings the prog- 
nosis IS good An initial leukocyte count of 
12,(X)0 or higher was found to be due to “v alkmg 
pneumonia,” previous vomiting and secondary 
infection of the sinuses, ears, pharynx, etc 

During convalescence it is common to have a 
leukocyte count of 10,000 to 15,000 The count 
may go as high as 20,000 or 22,000 and may 
be erroneously thought to be indicative of a 
secondary infection, but this is not the rule 
Lyght and Cole pointed out that a rise in the 
white cell count, if it does not go too high, is 
usually a good sign The differential count i e- 
veals that the polymorphic neutrophils range 
between 65 and 90 per cent of the total count 
According to Drye, lymphocytosis with 50 per 
cent lymphocytes is not uncommon He also 
noted that the total white cell count began to 
rise the second or third day before the tempeia- 
ture fell and finally reached a peak two or thiee 
days aftei the temperature became normal In 
the series of infants at the University of Minne- 
nesota Hospital the average leukocyte count in 
1937 was 19,140 with 48 per cent neutrophils, 
and in 1940 it was 13,500 with 47 polymorphic 
neutrophils Toxic granules may be seen in 
the cells, and there is usually a shift to the left 
A differential count of 26 per cent eosinophils,^^ 
16 and 25 per cent monocytes and a few granu- 
locytes has been encountered Reimann found 
stippled erythrocytes and Dohle bodies in neutro- 
phils 

Other laboiatory findings are increase of 
pressure of the cerebrospinal fluid to 250 mm 
of water/® increase in the number of spinal fluid 
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cells to 2,000 cells per cubic millimeter, 90 
per cent of which are neutrophils, increase of 
cerebrospinal fluid protein ■ ® content and lowering 
of the blood serum albumin-globulin ratio 
The sedimentation rate is increased, especially 
toward the end of the disease Van Ravenswaay 
and associates showed that for patients who are 
kept m bed until the sedimentation rate is 10 mm 
in one-half hour recurrences are fewer and the 
total time m bed per patient is less Helwig 
and Freis showed that the sedimentation rate 
in 1 case was increased but that this did not occur 
\vhen the citrated blood was kept at body tem- 
perature In primaiy atypical pneumonia there is 
no hypoammoacideniia, excess retention of sodium 
chloride and water in the acute stage or excess 
excretion of sodium chloiide and water during 
convalescence, as in pneumococcic pneumonia 
Cold agglutinins appear during the acute stage 
(after the eighth to tenth day) of the disease,'® 
and the height of the titer has no relationship to 
the seventy of the disease or to the size of the 
pulmonary lesion In a group of cases in Great 
Britain during the winter of 1942-1943 these 
agglutinins occurred m moie than 90 per cent of 
the cases Difficulties in making the majoi 
cross matches as well as agglutination of cells m 
the red cell pipet due to cold agglutinins of these 
patients may be overcome by working with solu- 
tions and instruments at 37 C The urine is 
usually cloudy, has a few white cells in it occa- 
sionally and has a slight trace of albumin, as one 
would expect m toxic, febrile diseases Gl)’’cosuria 
that cleared immediately has been reported ® 
The serologic reactions have been reported as 
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shifting and as positive Langille had a case 
m which the Kahn test gave a positive but the 
Eagle test a negative leaction, the serologic 
leaction became completely negative in two 
months A gold salt curve has been reported 
as 1122210000®® The serum m several cases 
gave a positive reaction to a Weil-Fehx aggluti- 
nation test The Frei test has been reported 
to give positive results in some cases Agglu- 
tination of sheep cells has been reported in cases 
with negative serum reactions previously 
Electrocardiographic changes according to Kurtz 
are low voltage, deviation of the ST segments, 
flattening of the T waves, severe sinus arrhyth- 
mia, bradycardia and conduction disturbances 
Deviation of the axis to the left has also been 
noted Sinus arrhythmia and bradycardia may 
exist for several w'eeks oi a few months after 
recovery , during this time the patient has a feel- 
ing of malaise One must rule out, electrocar- 
diographically, coronary occlusion ®® 

ROENTCnN FINDINGS 

Roentgenographic evidence appears about 
one to four ®® days after the onset of the dis- 
ease As early as 1934 Gallagher noted that 
roentgenograms show more than the physical 
changes would seem to justify®^ This may be 
due to interstitial involvement of the lungs and 
possible lack of consolidation within the alveoli, 
or the area of consolidation or the involved al- 
veoli may be sandwiched deeply between essen- 
tially normal pulmonary tissue On the other 
hand, the patient may be extremely ill with the 
disease although the roentgen findings may be 
minimal or even absent ®® In mild forms the 
roentgenogram may show only an increased 
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density in the costophremc angle®® or at the 
cardiophrenic angle Likewise there may be 
just a diffuse increased density of one lobe One 
may notice only an increase m the pulmonic 
markings, resembling bronchitis This is due to 
peribronchial and perivascular infiltration The 
spread is via continuity and contiguify of tissu,e, 
and this process is responsible for the interbroh- 
chial cottony shadows The lesions are usually 
found in the lower lobes An entire lobe may be 
involved, in all probability because of the exten- 
sion and coalescence of the cottony areas The 
plate may resemble that seen m lobar pneumonia 
except that the shadow does not obscure the 
vascular or osseous markings There may at 
times be visceral pleural thickening that may 
also resemble lobar pneumonia ®° Inadequately 
treated pneumococcic pneumonia may show 
reticular markings that will not clear as rapidlj 
as those seen m primary atypical pneumonia ’^®“ 
In other cases there may be a fan-shaped lesion 
in the hilus or less commonly in the periphery of 
the lung, or a lesion that spreads into one or 
both lungs Patients with diffuse patchy in- 
volvement generally have a more prolonged 
course than those with a localized lesion The 
clearing time may range from three to more 
than sixty-two days McCarthy suggested that 
patients be dismissed from the hospital only after 
the roentgenogram is relatively normal 

The extent of involvement of the parenchymal 
tissue IS not always apparent There may be con- 
tinual changes for some days or weeks, such as 
extension or clearing This mutation is of diag- 
nostic value, especially in differentiating this dis- 
ease from tuberculosis, thus differential diag- 
nosis requires serial plates At the Middlesex 
County Sanatorium plates are taken at intervals 
of two weeks before the diagnosis of tuberculosis 
IS made Formation of pseudocavities in this 
pulmonary condition is also differentiated from 
tuberculosis by consecutive plates Thus serial 
1 oentgenograms should be taken for draftees 
before they are rejected because of possible tu- 
berculosis The hilar nodes are not so enlarged 
in early tuberculosis, and the striations extend- 
ing to the hilus from the consolidated tuberculous 
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areas are more extensive than in primary atypical 
pneumonia^®® There is little tendency in fhis 
disease to involve the pleura®® Bowen stated 
that at times there are residual fibrosis and in- 
complete reabsorption of the pulmonary lesion, 
this makes the differential diagnosis from tuber- 
culosis even more difficult®® Thus roentgeno- 
logically primary atypical pneumonia must be 
differentiated from acute bronchitis, broncho- 
pneumonia, cancer, early pulmonary abscess, 
tuberculosis, pneumococcic pneumonia and acute 
bronchiectasis 

DIAGNOSIS 

Diagnosis can be made by (1) the roentgeno- 
grams, (2) the history, and the physical exami- 
nation and (3) the therapeutic test with sulfon- 
amide compounds and the processes of elimina- 
tion, which are the least desirable methods of 
diagnosis The results may be misleading in 
persons with inadequately treated or sulfonamide- 
resistant coccic pneumonia This is paiticularly 
true of children with pneumonia 

The isolation of cold agglutinins (autohemag- 
glutinins) IS now suggested as an aid m diagnosis 
of certain types of primary atypical pneumonia ®® 

DIFFERENTIAL DIAGNOSIS 

Influenza is the most difficult condition to dif- 
ferentiate from the mild form and the early stages 
of this disease The roentgenogram in influenza 
IS not abnormal ^®‘‘ The marked inflammatory 
reaction in the pharynx®® and the catarrhal 
symptoms of influenza are absent in primary 
atypical pneumonia Pam on i otation of the eyes 
as elicited in influenza is rarely piesent,^® but 
aching of the eyes is not uncommon The tendei - 
ness of the bones and the gastrocnemius muscle 
that may occur in influenza was not present in 
Longcope’s cases The symptom of generalized 
muscular aches is more distressing m influenza, 
and the headache as atypical pneumonia pro- 
gresses seems to be more disturbing ®" In 
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influenzal pneumonia there are early extreme 
(grayish) cyanosis and dyspnea, increased 
lespiratory rate, prostiation and euphoria This 
type of pneumonia is said to occui only during 
epidemics of influenza °“‘- 

Bronchopneumonia usually gives little trouble 
in the differential diagnosis To the aged, in 
ivhom the onset of pneumonia is insidious and 
the fever and white cell count are low, sulfon- 
amide compounds are justifiably given until one 
is certain that the patients have primary atypical 
pneumonia Patients with bronchitis who have 
no history of allerg)’’, previous colds oi influenza 
should be examined carefully for possible pri- 
mary atypical pneumonia The hyperemia and 
generalized edema of the throat seen in the 
common cold are not present , however, hypei- 
trophy of lymphoid follicles on the posterior 
pharyngeal wall is occasionallv seen Atypical 
pneumonia, like the lobar type, has been con- 
fused with acute appendicitis, and under such 
conditions appendixes have been removed 

Pneumococcic pneumoma does not produce a 
use in the titer of cold agglutinins during the 
second and third weeks Likewise, there is 
usually no significant change in the titer of cold 
agglutinins in advanced tuberculosis, during con- 
valescence from sinusitis, in hemolytic strepto- 
coccic sore throat, or in the common cold Rarely 
does the titer in a normal peison exceed 1 16 

The differential diagnosis includes lobar pneu- 
monia, influenza, psittacosis, tuberculosis, bion- 
chitis, bronchopneumonia, bronchiectasis, malaria, 
typhoid, undulant fever, tularemia, fungous dis- 
eases of the lutigs toxoplasmosis and pneumonia 
produced by measles, influenza, chickenpox, vac- 
cina and variola 

COMPLICATIONS 

Although complications are uncommon, they 
are mentioned here in order that a fuller under- 
standing of the disease may be had 

Kneeland and Smetana repoited on a patient 
who had slightly elevated erythematous areas 
of skin that langed up to almost 2 cm in dia- 
meter This eruption occurred eaily, was gener- 
alized and was accompanied by a relapsing fever 
The patient was stuporous , he had a stiff neck 
and a positive Babinski reaction on the left side 
Another of their patients had severe polyarthritis 
with heat and swelling that did not respond to 
salicylates Theie were also pericarditis and bi- 
lateral pleural effusion This patient required 
four months of hospitalization and had a pro- 
longed convalescence Other complications were 
orthopnea, heart failure, uiticaria, thrombo- 
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phlebitis, oliguria, gioss hematuria, hypopro- 
tememia, meningism, coma and jaundice Long- 
cope repoited bilateral thrombi m the legs with 
pulmonary infarcts and also occasional ery- 
thematous areas on the skin^®*^ Allen reported 
otitis media, urticaria, acute maxillary sinusitis, 
peritonsillar abscess and even necrosis of the 
cervical nodes as complications Reimann added 
a few cases of encephalitis and such signs and 
symptoms as positive Kernig’s sign, ankle clonus, 
mental confusion and euphoria Cass and a 
numbei of others have reported cases in which 
empyema occurred Adams had a case of secon- 
dary infection of the lungs with a pneumococcus 
and another case of pulmonary abscesses 
McKinlay found on postmortem examination 
fresh cardiac lesions that were thought to have 
occurred dining the couise of primary atypical 
pneumonia The valvular damage simulated the 
lesions of rheumatic fei er Longcope and 
Moore and his associates reported deaths from 
this disease of patients who had had rheumatic 
endocarditis Green reported dilatation of the 
heart, w’liich regressed as the patient improved 
Other complications reported are ulceration of 
the soft palate, tonsillitis, streptococcic pharyn- 
gitis , erythema multiforme w ith involve- 
ment of the mucous membiane, staph) lococcic 
pneumonia , asthmatic breathing , a continued 
productive cough suggesting bronchiectasis , 
massive hemoptysis , chronic pyelonephritis , 
acute focal hepatitis-*^, acute hemolytic ane- 
mia^®*, pleurisy, spontaneous pneumothorax, 
eustachian pyosalpingitis , toxic myocarditis , 
acute cystitis, nephritis and infectious mono- 
nucleosis®', conjunctivitis and stomatitis^®®, 
nonspecific urethritis ■*®^ , meningomyehtis , 
facial palsy ® , myelitis with resulting paialysis of 
the legs, and fractuied ribs due to excessive 
strenuous coughing There may also be a late 
manifestation of acrocyanosis "® Relighting of 
old tuberculous lesions has occurred The 
bronchi may dilate, producing pseudobronchiec- 
tasis, they return to normal m about three 
months ’•®® Thus one must evaluate the immedi- 
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ate histoiy of men with bionchiectasis who are 
to be rejected by oi discbaiged from the armed 
foices 

^ TREATMENT 

Hams and Stokes were able to reduce the 
incidence of infections of the upper respiratoiy 
tiact m a pediatric ward with the use of vapoiized 
propylene glycol Although this aerosol does 
not destroy oigamsms afloat on particles of dust, 
it does destroy geims ejected into the air with a 
fine spray of moisture Pei haps this material 
could be used to prevent the spread of this and 
other diseases in Army camps, schools, theaters, 
hospital wards, etc The vapor is nonexplosive 
if kept at the concenti ations lequired to sterilize 
an Tiiethylene glycol is thought to be su- 
peiioi to piopylene glycol 

Despite isolation the disease has been known 
to spread Oxygen is indicated for patients 
with delirium, cj^anosis, dyspnea and hyperpnea 
Epinephrine, ephediine and helium and oxygen 
undei piessure have been used for asthmatic 
breathing In cases of pulmonary collapse 
bionchoscopy is recommended ‘ Steam inhal- 
ation and codeine are used foi the dry cough 
Expectoiants and benzoin inhalants have been 
used, but Cass has stated that they may aggravate 
the cough Longcope stated that the cough in 
seveie cases is often refractory to codeine, and 
he recommended oxygen foi its control 
Codeine and ice caps are used for headaches 
Lumbai puncture has been performed for relief 
of severe headaches '■* Because of marked sweat- 
ing, diaphoretics such as salicylates, aminopyiine 
and acetophenetidin are to be avoided On the 
other hand, when a patient has a high tempera- 
ture and IS not perspiring, the diaphoretics may 
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be comforting They are indicated foi gener- 
alized muscular aches, including backache A 
tight binder has been recommended for abdominal 
muscular pain Fluids are usually forced In 
the event of excessive sweating a 3 per cent solu- 
tion of sodium chloride and cortm has been gi-ven 
to replace the lost salt®® Transfusions are indi- 
cated for secondary anemia and plasma for 
hypoproteinemia 

The treatment of infants is essentially the same 
as that of adults The liberal use of fluids, how- 
ever, IS to be avoided, for they are pooily tolei- 
ated and seem to aggravate the dyspnea, cj^anosis 
and cough Postural drainage may be indi- 
cated with aspiration of the mucus from the nose 
and throat Thiamine hydrochloride and nicotinic 
acid have been used for treatment and pieven- 
tion of delirium 

In general, most authorities agree that sulfon- 
amide compounds are not indicated in treatment 
of this disease unless there is definite evidence 
that secondary infection is present or that such a 
complication may set in It may be stated that 
sulfonamide drugs given prior to the time the 
temperature drops in its biphasic curve may pro- 
duce a false impression of a favorable response 
and thus seemingly justify continued drug 
therapy When the diagnosis is not definite 
It would seem justifiable to use the drugs, but only 
for forty-eight to seventy-two hours if there is 
no response Some workers have stated that 
while chemotherapy was being employed the 
patients’ temperatures were occasionally re- 
duced Shone used sulfapyridine with a 
resultant reduction in the temperature, and when 
administration of the drug was stopped, the 
patients had exacerbation of fever This con- 
firms the work of Beeson, who showed that sul- 
fapyiidme is an antipyretic^^® Markham stated 
that sulfonamide drugs have no effect on the 
patients’ temperatures, and that if their adminis- 
tration is stopped, the patients are spared nausea 
and malaise In addition, some of these drugs 
when given in full doses for a period may pro- 
duce sensitivity to the diugs, acute hemolytic 
anemia or some other types of anemias, 
agranulocytosis, increased leukocytosis,^®® cold 
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agglutinins and anorexia There is no thera- 
peutic response, and the patients often state that 
they feel better after administration of the drug 
IS stopped Moreover, these drugs may reduce 
aviators’ ceiling zero®°“ as well as impair judg- 
ment Cold agglutinins plus sulfonamide drugs 
may he responsible for acute hemolytic anemia 
Furthermore, Royster expressed the opinion that 
chemotherapy prolongs the disease and seems to 
make patients worse Suttenfield stated the vieu 

that withdrawal of the sulfonamide drugs defi- 
nitely saved several patients’ lives Treat- 
ment with sulfonamide drugs alone has resulted 
in a mortality rate of 0 2 per cent Penicillin 
has been unsatisfactory in the treatment of this 
disease 

Transfusions of whole blood have been given 
with the specific hope of imparting immune 
bodies to patients Adams and co-workers re- 
ported administration of 30 cc of normal adult 
blood to 7 babies early in the course of the dis- 
ease and to 7 others before they had become ill 
No deaths occurred in this group of 14 infants 
Flexner used convalescent whole blood with 
good results, as others have done On the 
other hand. Young gave plasma and whole blood 
from convalescent donors to 12 patients without 
any definite response Immune bodies have 
been proved to exist in the blood of convalescent 
patients The titer of the antibodies during 
convalescence is greater than that during the 
acute phase Roentgen ray treatment has been 
said to abate the cough, bring the temperature 
down within forty-eight to seventy-two hours 
and clear the roentgenogram Naval officers 
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stated that they felt they had reduced the febrile 
period, the number of days of resolution and the 
total number of days of illness, roughly speaking, 
by one half through roentgen ray treatment 

PROGNOSIS 

Prognosis in general for the majority of cases 
is good This disease in its severe form, super- 
imposed on an already damaged heart, will war- 
rant a guarded prognosis A number of deaths 
have been leported in the United States 
Undoubtedly reports of some cases that termi- 
nated fatally have not appeared in the literature 
In 1,862 cases that occurred in an army camp a 
mortality rate of 0 26 per cent was reported 
Among civilians the rate is estimated to be 2 4 
per cent ® 

CONCLUSIONS 

Tieatment is symptomatic Sulfonamide drugs 
may be detrimental, and penicillin seems to be 
without results The administration of oxygen 
under positive pressure in severe pneumonia may 
be life saving With the use of roentgen rays and 
convalescent serum and wuth the sedimentation 
rate as a guide to the time of dismissal, the 
period of hospitalization may be reduced 

In rejecting persons for the armed forces 
and in discharging military personnel because of 
tuberculosis or bronchiectasis, one must consider 
the possibility of recent primary atypical pneu- 
monia 
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EFFECTS OF COLD AIR ON THE AIR PASSAGES AND LUNGS 

AN EXPERIMENTAL INVESTIGATION 
ALAN R MORITZ, MD, and JAMES R WEISIGER, PhD 

BOSTON 


The absence of reliable information concerning 
the effects of cold air on the air passages and 
the lungs and concerning the rate at which in- 
haled cold air is warmed within the body led 
to the undertaking of this investigation on dogs 

In order to observe the pathologic and physiologic 
changes resulting from the inhalation of cold air inde- 
pendent of any indirect or secondary effects that might 
result from the simultaneous chilling of the surface of 
the body, the air was brought into the mouth and throat 
through a vacuum-jacketed (Dewar) cannula, and the 
animals were not otherwise exposed to cold Care was 
exercised to see that the dogs had no source of air for 
respiration other than that which had passed through 
a cooling system 



Fig 1 — Diagrammatic representation of the cannula 
through which cold air was brought to the larynx, 

1, source of cold air which had been chilled by circu- 
lation through a bath of liquid nitrogen and alcohol, 

2, glass flange filled with liquid nitrogen to prevent 
warming of the noninsulated segment of the conduction 
system, 3, outer compartment of the transoral cannula 
through which exhaled air was discharged, 4, thermo- 
couple leads to the potentiometer and to the galva- 
nometer, A, thermocouple in the cold air stream before 
entering the inner eompartment of the cannula, B, 
thermocouple in the laryngeal opening of the cannula, 
C, thermocouple at the bifurcation of the trachea 

The air was chilled b> passage through a radiator 
(converted automobile heater) which was immersed m 
a large Dewar container filled with a mixture of liquid 
nitrogen and alcohol The rate of flow was maintained 
at 30 liters per minute by means of a flowmeter inter- 

From the Department of Legal Medicine of the 
Harvard Medical School 

The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Harvard University 

Dr F C Hennques Jr aided m adaptation and 
calibration of the recording instruments used in this 
investigation 


posed between the compiessed air line and the cooling 
mixture To prevent blockade of the cooling system by 
formation of ice it was necessary to pass the air through 
a trap before it entered the radiator This trap, which 
was immersed in the nitrogen-alcohol mixture, con- 
sisted of a tube 25 cm long and 2 cm in diameter 
After leaving the flowmeter and before entering the 
radiator the air passed through this tube, where the 
moisture contained by it was condensed and frozen 



Fig 2 — Diagrammatic repi esentation of the cannula 
through which cold air was brought to the midportion 
of the mouth 1, source of cold air which had been 
chilled by circulation through a bath of liquid nitrogen 
and alcohol, 2, outlet for exhaled air, 3, thermocouple 
leads to the potentiometer and to the galvanometer, 
A, thermocouple in the cold air stream before entering 
the cannula , B, thermocouple in the midportion of the 
trachea , C, thermocouple at the bifurcation of tlie 
trachea 

After leaving the radiator the air was conducted 
through a vacuum-jacketed tube to the animal’s mouth 
In one series of animals the cold air was convejed 
directly to the laryngeal orifice (fig 1), and in another 
series it was conveyed to a point about midwa> be- 
tween the front teeth and the larynx (fig 2) In each 
instance the transoral cannula was constructed on the 
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Dewar principle in order to reduce to a minimum the 
conduction of heat through its wall 

The laryngeal cannula (fig 1) used in the first senes 
of animals was constructed in such a way that the cold 
air was brought through an inner compartment to the 
lar}mgeal orifice for inhalation and was exhaled through 
an outer compartment The inhalation of warm air 
through the outer compartment was prevented by main- 
taining a rapid (30 liters pei minute) flow of air m the 
reverse direction In experiments in which this cannula 
w'as used, it w'as necessary to interrupt the cold air 
stream at frequent intervals (about once evcrv five 
minutes) to prevent blockade of the outer compartment 
and insulation of the laryngeal thermocouple by ice 
formed by the condensation and congelation of moisture 
from the exhaled air 

The midoral cannula (fig 2) which was used in the 
second senes of experiments was constructed in such a 
manner that both the cold air for inhalation and the 
warm exhaled air passed in and out of the mouth 
through the same compartment Between respirations 
the air contained by the intraoral element of the cannula 
was relatively stagnant During inspiration cold air was 
drawm out of the mam air stream which was passing 


with a General Electric recording galvanometer having 
a period of 0 2 second Rectal temperatures before, 
during and after inhalation of cold were determined 
by a mercury thermometer 

In the first 3 experiments ethyl carbamate was used 
as an anesthetic agent, and in all 3 instances the ani- 
mals died between two and six hours after induction 
of anesthesia In subsequent experiments anesthesia 
was induced by intravenous injections of phenobarbital 
sodium 

In 2 experiments, 597 and 598, a continuous record of 
the rate and amplitude of respirator 3 " excursions as well 
as of heart rate and blood pressure were made In 2 
experiments, -592B and 638, samples of venous blood 
w’cre taken before, during and after inhalation of cold 
for determination of oxygen, carbon dioxide, pn, cell 
volume, red blood cell count, white blood cell count and 
diflfcrential blood count 

RESULTS or EXPERIMENTS 

As indicated in table 1, the animals breathed 
an that emerged from the cooling system at a 


Table 1 — Ranges of Tcnipeiatin e of Ati Inhaled 


Ttmpernlure of Air nt Dlllercnt Lei els Between Mouth and Lungs, C 


Length , ' , 

of Time Averngc Mltltrnchcn Lower End of Trachea 

That Evternnl (10 Cm Below Larjn ) (22 Cm Below Larjnv) 




4Dinial 

Tempera lure 

Larjnx, 

r 





M . 


Site of Brimnr} 

Brcatlicd 

of Air 

Lcnc't 

IXlMCSt 
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Average 

Experiment 
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stream, 
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Xadir 
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20 

—100 
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20 
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40 
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-28 
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42 
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+3o 
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Midoral 
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+3G 
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+38 


through the vertical element of the cannula During 
expiration the warm exhaled air joined the cold air 
stream and was discharged with it through the upper 
orifice of the vertical element A ball valve at the 
upper orifice of the vertical element prevented the in- 
gress of warm air during inspiration Actually the rate 
of flow of cold air through the vertical element was 
. sufficient to prevent inspiration of warm air even if the 
ball valve had not been there 
Sensitive copper-constantan thermocouples constiucted 
of 40 gage wire were introduced into the air stream at 
the various locations indicated in figures 1 and 2 These 
thermocouples either were provided with rigid supports 
or were enclosed in wire cages so as to insure their 
being free in the air stream and having no contact with 
the wall of the airway The thermocouples measuring 
the temperature of the external air stream were not 
exposed to sudden changes in temperature and were 
therefore connected with an ordinary potentiometer 
The thermocouples which were exposed to the respira- 
tory fluctuations in temperature were connected in the 
first 3 experiments with a Mohl galvanometer having 
a period of 0 16 second and in subsequent experiments 


temperature of approximately — 100 C for 
periods ranging between twenty and one hundred 
and thirty-three minutes 

In the first senes of experiments (cannula 1) 
the temperature of the inhaled air was mea- 
sured at the larynx and at the bifurcation of the 
trachea Despite the fact that the air had been 
conducted from the cooling S) stem to the larynx 
through a vacuum-jacketed tube, its temperature 
had been raised from — 100 to between — 50 
and — 28 C by the time it i cached the larjmx 
The coldest inspiratoiy nadii observed in any 
animal at the orifice of the laiyngeal cannula 
was — 50 C In 1 animal (592A), — 28 C 
was the lowest temperature recorded at the 
laryngeal orifice It was characteristic that the 
lowest inspiratory temperatuies recorded by the 
laryngeal thermocouple occurred dunng the first 
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two or three minutes after the flow of the cold 
air stream was staited Subsequent condensa- 
tion and freezing of moisture from the exhaled 
an in the laryngeal orifice of the cannula was 
indicated first by lack of responsiveness of the 
thermocouple and later by actual obstruction to 
the flow of an 

By the time that the inhaled cold air reached 
the bifurcation of the trachea it had been wanned 
to a level well above freezing Thus the lowest 
inspiratory nadir registered by the thermocouple 
at the bifurcation of the trachea was 18 C 
This occui red m an animal whose lowest inspira- 
toiy nadir at the laiynx was — 30 It is of 
interest that in another animal (593) in which 
repeated laryngeal mspiiatory nadirs of — 40 


Tin£ IfJ SECONDS 



Fig 3 — Changes in temperature in the upper and 
lower portions of the trachea of a dog during the inha- 
lation of warm (+20 C) and cold ( — 90 C) air 
Dotted line indicates temperature changes at bifurcation 
of trachea, solid line, temperature changes in laryngeal 
orifice of cannula 

were observed the tempeiature at the bifiurca- 
tion of the trachea was never observed to drop 
below 30 C The slightness of the fluctua- 
tions m temperatuie recorded by the tracheal 
thermocouple in this animal may have been due 
to early plugging of the inteistices of the guard 
cage by mucus In all of this gioup of animals 
the air leaving the lungs was within 1 or 2 degrees 
of normal Differences this small were not 
considered to be significant in view of the fact 
that they lay within the tolerance of the recording 
instruments 

In the second senes of experiments shown 
in table 1 the cannula terminated about halfway 
between the front teeth and the larynx In 
these experiments the animal’s nose and mouth 
weie bandaged with sheet rubber in such a 
way that no air could pass into or out of the 
lungs except by way of the cannula It had 
been anticipated that m these experiments the 


air would be warmer at the bifurcation of the 
trachea than it had been in the fiist series of 
animals Despite the fact that air inhaled tin ough 
this cannula must have been warmed to some 
extent by the back of the mouth befoie it 
reached the larynx, the mspiratoiy nadiis at 
the bifurcation of the trachea did not diffei sig- 
nificantly from those obseived in the fiist senes 
of experiments 

Characteristic segments of the temperatuie 
changes recorded by the laiyngeal and deep 
tracheal thei mocouples during the bieathing of 
warm and cold air are shown in figure 3 These 
examples were selected from the galvanonietei 
recording of experiment 635A, m which the 
tiansoial cannula shown in figure 1 was used 
In the oiiginal recoid the readings from the 
two thermocouples were recoided alteinatel} 
lathei than simultaneously 

When air at room temperature ( -j- 20 C ) v as 
bieathed, thermal fluctuations in the lower part 
of the tiachea were perceptible only during the 
first fen minutes Latei when the nail of 
the cannula had been warmed by contact with 
the 01 al mucosa and the exhaled air, the mspiia- 
toiy depressions in temperature in the trachea 
became imperceptible except when abnormally 
deep bieathing was stimulated by the mixtuie 
of caibon dioxide with the entering an stieam 

When cold air ( — 100 C m the external seg- 
ment of the cannula) was breathed, the diffei- 
ences between the mspiratoiy nadirs m the laiynx 
and 111 the deep tiachea became much more pro- 
nounced Although the air temperature m the 
laryngeal orifice of the cannula (fig 3) fell to 
— 40 C , the air had been wanned to appioxi- 
mately -f- 20 C by the time it reached the bifui ca- 
tion of the trachea The lowest air temperature 
in each situation was registered at the end of 
inspnation and the highest at the end of expira- 
tion A noteworthy chaiacteristic of the iiitra- 
laryngeal mspiratoiy nadir is the shortness of 
the time during which the mucous membrane 
was exposed to a freezing temperature For a 
period lasting approximately half a second during 
the latter part of each inspiration the air tem- 
perature in the larynx fell below 0 C Immedi- 
ately before and after such nadir the temperature 
was well above freezing It appears that the 
bieathing of cold air may cause a momentary 
exposure of the mucosa of the lar>nx and upper 
trachea to a freezing temperature but that the 
temperature at the bifurcation of the trachea is 
not likely to approach a cell-killing level of cold- 
ness at any time 
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Fig 4 — Obstructive edema of the pharynx and larynx 
due to prolonged direct exposure to cold (experiment 
593) 


ferential count It should be noted, however, 
that m no instance were the observations con- 
tinued later than one hour after the animals’ 
exposure to cold 

So far as the clinical behavior of the animals 
was concerned, the only observable ill effect of 
the inhalation of the cold air was early hyper- 
activity of the mucous glands of the upper respir- 
atory tract, with coughing and hoarseness of 
some of the animals during the first twenty-four 
hours All animals permitted to survive twenty- 
four hours or longer were lively, happy and not 
significantly disturbed by the experimental pro- 
cedure 

Postmortem pathologic studies (table 2) were 
made of 7 animals after postexposure intervals 
ranging between two and a half and forty hours 
In the case of the two and a half hour recovery 
period (593), the animal did not regain con- 


Table 2 — Clinical and Pathologic Observations 


Experiment 


Postexposure 


Number 

Clinical Behavior After Inhalation of Cold Air 

Period 

Principal Pathologic Changes 

593 

Obstructive edema of pharjnx and larynx • 

2% hours 

Obstructive edema of pharynx and laryngeal 
orifice 

626 

Excessive secretion of mucus from upper air 
passages 

4 hours 

Catarrhal sublaryngeal tracheitis, patchy atelec- 
tasis and emphysema 

598A 

Excessive secretion of mucus from upper air 
passages 

5 hours 

Catarrhal and membranous sublaryngeal traohe 
itis, patchy atelectasis and emphysema 

592A 

Excessive secretion of mucus for 12 hours, hoarse 
for 2 days, normal after second day 

Survival 

experiment 

Not determined 

635A 

Excessive secretion of mucus for 12 hours, hoarse 
for 2 days, normal after second day 

Survival 

experiment 

Not determined 

597 

Excessive secretion of mucus for 12 hours 

12 hours 

Catarrhal sublarjngcal tracheitis, patchy atelcc 
tasis and emphysema 

592B 

Normal 

24 hours 

Severe catarrhal laryngitis and sublaryngeal tra 
cheitis, patchy atelectasis and emphysema 

638 

Excessive secretion of mucus for 12 hours, hoarse 
but otherwise normal 

24 hours 

Severe catarrhal and membranous sublaryngeal 
tracheitis, patchy atelectasis and emphysema 
with focal pneumonitis 

535B 

Excessive secretion of mucus, hoarse for 24 hours, 
normal after second day 

40 hours 

Mild sublaryngeal tracheitis, no abnormality of 
lungs 


* Projecting 1 5 cm beyond the vacuum jacket, the laryngeal end of the cannula had a solid glass wall In experiment 693 the 
mucosa of the pharjnx and larynx was In direct contact with this cold segment of glass In subsequent experiments the tip of 
the cannula was wrapped with Insulating material to reduce beat transfer at this site 


In no animal was a drop in rectal temperature 
observed during or after the inhalation of cold 
air 

In neither of the 2 animals (597 and 598) 
for which kymographic recording of blood pres- 
sure and respiration was made was any striking 
change observed There occurred an evanescent 
rise in systolic pressure and a slight increase 
in the rate and amplitude of the respiratory 
excursions of the thorax 

In neither of the 2 animals (592B and 638) 
from which samples of venous (femoral) blood 
were taken before, during and immediately after 
inhalation of cold air were significant distur- 
bances observed in the oxygen or carbon dioxide 
saturation, the pn, the cell volume, the red blood 
cell count, the white blood cell count or the dif- 


sciousness from the apesthetic and died as a 
result of obstructive edema of the pharynx and 
larynx (fig 4) The edema developed rapidly, 
and although the obstruction was recognized and 
relieved by intubation approximately two hours 
after exposure, the animal was already anoxemic 
beyond recovery As previously indicated, the 
edema in this animal was caused by direct con- 
tact of the cold tip of the laryngeal cannula with 
the adjacent tissues Obstructive edema was 
not observed in any of the succeeding experi- 
ments, in which the tip of the cannula was 
wrapped with insulating material In this ani- 
mal (593), the mucous membrane of the pharynx 
adjacent to the larynx had been in continuous 
contact with cold glass for twenty minutes 
Wherever mucosal attachments permitted the 
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accumulation of interstitial fluid there was situations it was elevated by subepithelial collec- 
niassive edema (fig 5) Although the animal tions of free fluid in the form of large and small 
died two and a half hours after exposure to vesicles The subjacent tissues were hyperemic, 
cold, widespread necrosis of the glandular epi- hemorrhagic and sparsely infiltrated by poly- 



Fig 5 — Photomicrograph showing hemorrhagic edema of the pharyngeal mucosa caused by direct exposure 
to cold (experiment 593) Magnification X 100 



Fig 6 — Photomicrograph showing catarrhal inflammation of the mucous membrane of the upper portion of 
the trachea four hours after inhalation of cold air (experiment 626) Magnification X 100 

thelium and muscle of the pharynx had morphonuclear leukocytes No thrombosis was 
occurred The stratified epithelium covering observed Other than hyperemia through its 
the surface appeared intact and showed remark- upper third, the tracheal mucosa showed no sig- 
ably little cytologic evidence of injury In some nificant abnormality The lungs were normal 
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Between four and twelve hours after exposure 
there was more definite evidence of tracheitis 
In the animals killed at this time there was 
some edema of the mucous membrane of the 
ventricular recesses of the larynx Throughout 
the laiynx and trachea there was evidence of 
excessive secretion of mucus (fig 6 ) Occa- 
sional patches of desquamated or elevated mu- 
cosal epithelium were encounteied m the first 
10 cm of the tiachea Scattered throughout all 
lobes of both lungs theie weie small platehke 
zones of atelectasis interspeised with subpleural 
foci of emphysema 

In both animals killed twenty-four hours after 
exposure to cold theie was more extensive 


mal was the amount of atelectasis great enough 
to interfere significantly with the respiratory 
exchange In 1 animal (638) occasional col- 
lections of polymorphonuclear leukocytes were 
present in the alveoli and bronchioles of some 
of the atelectatic foci Bacteria were not lecog- 
mzed microscopically 

The animal (635B) which had the longest and 
most severe exposure to cold was killed after 
a lecovery period of foity hours At the time 
the animal was killed its behavior was entirely 
noimal, and postmortem examination disclosed 
less severe pathologic changes than had been 
observed m any of the previous animals There 
was some residual tiacheitis, as indicated by a 



Fig 7 — Photomicrograph showing severe sublaryngcal tracheitis Uventy-four hours after inhalation of cold 
air (expenment 638) Magnification X 100 

mild exudative reaction There was no longer ^ 
any evidence of excessive secretion of mucus, 
and whatever atelectasis and emphysema may 
have been present during the first twenty-four 
hours had now disappeared No abnoimahty 
of the lungs was recognized microscopically 
Microscopic examination of the respiratory 
tracts of these animals at varying times after 
exposure to cold disclosed certain differences 
in the susceptibility of mucosal epithelium to 
thermal injury The stiatified epithelium of 
the mouth and, to a lesser extent, that of the 
pharynx and larynx weie less susceptible to | 
injury by cold than was the columnar epithelium 
of the uppei poition of the trachea In no 


damage of the superficial epithelium of the 
larynx and sublaryngeal portion of the trachea 
There was nonobstructive edema of the mucosa 
lining the ventricular recesses Patches of mem- 
brane composed of tenacious mucus and desqua- 
mated epithelial cells were adherent to the mucosa 
of the larynx and upper pait of the trachea (fig 
7) In neither animal was there any significant 
gross or microscopic abnormality of the lower 
portion of the trachea oi of the primary bronchi 
Occasional small plugs of mucus mixed with 
desquamated epithelial cells were found in some 
of the smaller bronchi The distribution of 
atelectasis and emphysema was similar to that 
described in preceding animals In neither am- 



MORITZ-WEISIGER—COLD AIR IN AIR PASSAGES AND LUNGS 


239 


instance ^^as theie evidence of epithelial injury 
of the mouth, despite the fact that in the second 
series (fig 2) the pi unary impact of the cold air 
occuried m the midoral legion With the excep- 
tion of animal 593 (nonmsulated cannula) there 
was no subject in which necrosis of the laryn- 
geal mucosa could be ascribed to thermal injury 
Although the temperature to which the upper 
tiacheal mucosa was exposed was undoubtedly 
lower than that to which the back of the mouth 
and larynx were exposed, there weie several 
instances m which extensive epithelial destruc- 
tion was observed in the former situation 

COMMENT 

The inhalation of extremely cold air by dogs 
for periods ranging between twenty and one 
hundred and thirty-three minutes caused a ca- 
taiihal, and in some instances a membranous, 
tiacheitis but failed to produce significant injury 
of the lower air passages or lungs The tem- 
perature of air taken into a transoial cannula 
at — 100 C rose to between — 50 and — 28 
by the time it i cached the larynx and between 
-|- 18 and -f- 30 C by the time it reached the 
lungs 

The lesults of this experimental investigation 
invite a consideration of the circumstances in 
which the exposure of living tissue to cold may 
result m cellular injury and in death So far 
as in vitro observations are concerned, it has 
been shown both by Lambert^ and by Fischer- 
that chilling is not likely to cause primal y cellular 
injury unless the fall in tissue temperature is such 
that cells aie disrupted by the formation of ice 
crystals Similar conclusions were reached by 
Lewis ® from expei iments performed in vivo on 
human skin That intracellulai congelation is 
not always pierequisite to injury by cold may 
be inferred from recent studies of immersion 
foot ^ In this type of injuiy ischemic necrosis 
-of an extremity, presumably due to the thermally 
induced neurocirculatory disturbances, may fol- 
low prolonged exposure to wetness and cold even 
though the tissue is at no time frozen 

Thus it ajDpears that tissue may sustain pri- 
mary injury if it is frozen or secondary injury 
without freezing if the exposure to cold is long 
enough to lead to a peisistent disturbance in 
circulation 

1 Lambert, R A J Exper Med 18 406, 1913 

2 Fischer, A Arch f exper Zellforsch 2.303, 
1926 

3 Lewis, T Brit M J 2 795, 1941 

, 4 Blackwood, W Brit J Surg 31 329, 1944 

White, J C , and Warren, S Causes of Pam m Feet 
After Prolonged Immersion in Cold Water, War Med 
5 6 (Jan ) 1944 


When account is taken of the extremely low 
heat capacity of dry air, the nonoccurrence of 
primary pulmonary injury following the breath- 
ing of cold air is m no sense surprising Volume 
for volume, water in a liquid state liberates about 
four thousand times as much heat energy for each 
degi ee it cools as does air Thus, since water and 
protoplasm have about the same heat capacity, 
the number of calories required to raise 500 cc of 
air from an inhalation temperature of — 40 C 
to an exhalation temperatui e of -j- 40 C would 
be fui nished by the heat given off by about 1 Gm 
of tissue, incident to a drop of 10 degrees m 
Its temperature Actually the number of caloiies 
lost by the respiratory mucosa incident to the 
wanning of 500 cc of air under such conditions 
would probably be greater than 10, because the 
air would be relatively dry when inhaled and 
saturated with moisture when exhaled The 
additional heat loss by the mucous membiane 
incident to the vaporization of this amount of 
moistuie would bring the total deficit in such 
circumstances to approximately 20 calories per 
lespiration In consideration of the fact that 
these 20 calories could be supplied by the cooling 
of 1 Gm of tissue by approximately 20 degrees 
centigiade, no great amount of piimary pul- 
monary injury due to the inhalation of cold an 
is to be expected 

The extent to which the evidence provided by 
these experiments can be applied to man should 
be considered It is a fact that the trachea of 
a dog IS long and narrow compared with that 
of man It cannot be stated that because in- 
haled air IS warmed from — 50 at the larynx 
to -j- 23 at the bifurcation of the tiachea m the 
dog the same degiee of warming would occur 
in man It does seem likely, however, that these 
anatomic differences m dog and man would 
be more than offset by the fact that the cold air 
was conducted directly to the larynx of the dog 
by means of an insulated cannula, whereas in 
nonexperlmental conditions man would have the 
added protection of his oral or nasal mucosa 
It IS also a fact that the rate of heat loss by 
the air passages would be augmented by lapid 
or deep breathing Even if the rate were doubled 
or tripled, the total would not be impressive as 
a cause of direct pulmonary injury 

Although it may be inferred from these experi- 
mental results that intrapulmonic air tempera- 
tures much lower than -[- 20 C are not likely 
to occur in man in nonexperimental conditions, 
nothing IS known regarding the relative sus- 
ceptibilities of man and dog to reflex circulatory 
or other disturbances which may occur m such 
circumstances However, there was no indici- 
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tion, so far as the dog is concerned, of any local 
or general reflex disturbance caused by the 
inhalation of cold air No attempt was made 
during this investigation to deteimine the extent 
to which the chilling of the upper respiratory 
mucosa may have altered its resistance to bac- 
teiial invasion 

A recent report by Smith “ calls attention to 
a syndrome of pain in the chest, cough, hemop- 
tysis, patchy pulmonary consolidation and fever 
seen occasionally in flying'' personnel after high 
altitude missions in which intensely cold air 
was breathed No pathologic studies of the con- 
dition are available Smith stated that recovery 
generally occurred betiveen ten days and two 
weeks after exposure 

On a basis of the experiments with animals 
reported here it is a fair inference that the 
disturbances described by Smith were due to 
an acute thermally induced hemorrhagic trache- 
itis with a certain amount of secondary atelectasis 
and pneumonitis probably caused b}' the aspira- 
tion of masses of mucus and desquamated tracheal 
mucosa It is reasonable to believe that persons 
who have sustained such injury maj'^ be rendered 
more than normally susceptible to infection of 
the respiratory tract 

That man can breathe extremely cold an 
without sustaining pulmonary injury is indicated 
by a recent case at the Valley Forge Hospital® 
In November 1943, an aviator, while on duty 
in a gun turret, was wounded by a high explo- 
sive missile which also destroyed most of his 
protection against the cold air For a period of 
about three hours he was exposed head fore- 
most to a stream of air moving at the rate of 
160 miles (258 kilometers) pei hour and having 
a temperature of approximately — 50 C When 
he was admitted to the hospital, his face and 
fingers were frozen Approximately six houis 
after his admission an obstructive edema of the 
mucous membranes of his mouth, nose and 
pharynx developed An airway was established 
by means of a tracheotomy He subsequently 
lost his fingers and much of the soft tissue of 
his face as a result of freezing Despite an 
exposure to cold that led to an obstructive edema 
of his external respiratory passages, there was 
at no time evidence of injury to his bronchi or 
lungs, and he made an uneventful convalescence 
as far as pulmonary complications were con- 
cerned 

5 Smith, S Air Surgeon’s Bull (no 6) 1 17, 1944 

6 Milligan, C B , Capt , MAC Personal com- 
munication to the authors 


SUMMARY 

In this investigation dogs were caused to 
breathe extremely cold air for periods ranging 
between twenty and one hundred and thirtj- 
three minutes The rate at which air was 
warmed wuthm the body was measured by means 
of appropriately placed thermocouples The 
air was delivered to the larynx at temperatures 
which ranged between — 50 and — 28 C , and 
in no instance were temperature recordings lower 
than IS C observed at the bifurcation of the 
trachea 

The inhalation of cold air in circumstances 
such that intralaryngeal inspiratory nadirs as 
low as or lower than — 30 C were reached ’’ 
resulted in the development of a localized sub- 
larjngeal tracheitis In some animals the dis- 
turbance was limited to unusual activity on the 
part of the mucous secreting glands, and in 
others there was focal destruction of the super- 
ficial epithelium In no instance \vas there 
evidence of primary injurj^ to the lower portion 
of the trachea, the bronchi or the lungs 

The aspiration of mucus or mucus and mucosal 
detritus from the upper portion of the trachea 
may result in the development of small and 
evanescent foci of pulmonary emphysema and 
atelectasis 

The explanation of the rapid \varmmg of 
inhaled cold air and of the occurrence of rela- 
tively mild and localized injury following the 
inhalation of cold air lies in the fact that dry 
air has an extremely low heat capacity and that 
the number of calories requiied to produce 
a great rise in the temperature of dry air can 
be provided by the heat derived from the cooling 
of a small amount of tissue by a few degrees 

Although the intermittent exposure to cold 
air that occurs during normal respiration does 
not cause significant injury to the pharynx or 
larynx, a continuous exposure of these strucv^ j 
tuies to cold may result in the development of 
a rapidly obstructive edema 

Experiments on dogs warrant the inference 
(c) that It IS unlikely that significant injury 
to the air passages of man would result from 
the breathing of air at any degree of coldness 
likely to be encountered in nonexpenmental con- 
ditions so long as it was inhaled through the 
nose or between partially closed lips and (b) 
that even though extremely cold air were inhaled 
rapidly through a widely opened mouth, it would 
be warmed to a point well above freezing by the 
time it reached the bronchi I 
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During the last decade a revived interest in 
the treatment of arterial hypertension with 
thiocyanates, with varying degrees of success, has 
occurred The toxic properties of these drugs 
have been known since the pharmacologic obser- 
vations of Claude Bernard in 1857 ^ Their 
noxious effects have been well recognized in 
recent years ^ The Council on Pharmacy and 
Chemistry of the American Medical Association 
has not accepted them and even has advised 
against their use ® 

Great progress in the field was made by 
Barker in 1936 with the introduction of the 
practice of determining serially the blood con- 
tent of thiocyanates It was thought that with this 
method toxic blood levels, and therefore dele- 
terious side effects, could be avoided A few 
instances of serious and even fatal intoxication, 
however, have been recently reported We have, 
unfortunately, had 1 such instance out of a series 
of 73 cases m which potassium thiocyanate was 

From the Clmica Medica del Hospital San Francisco 
de Borja, Escuela de Medicina de la Universidad de 
Chile (Prof A Garreton-Silva) , Santiago, Chile 

1 Bernard, C Legons sur les effets des substances 
toxiques et medicamenteuses, Pans, J B Bailliere et 
fils, 1857, p 354 

2 (a) Wald, M H , Lindberg, H A, and Barker, 
M H The Toxic Manifestations of Thiocyanates, 
J A M A 112 1120-1124 (March 25) 1939 (b) 

- Goldnng, W , and Chasis, H Thiocyanate Therapy 
in Hypertension Observations on Its Toxic Effects, 
Arch Int Med 49 321-329 (Feb) 1932 (c) Garvin, 

C F The Fatal Toxic Manrfestations of the 
Thiocyanates, JAMA 112 1125-1127 (March 25) 
1939 (d) Lindberg, H A , Wald, M H , and Barker, 
M H Observations on the Pathologic Effects of 
Thiocyanate, Am Heart J 21 605-615 (May) 1941 
(e) Healy, J C Therapeutics and Toxicology of 
Sulfocyanates, New England J Med 205 581-583 
(Sept 17) 1931 (/) Barker, M H Blood Cyanates 

in Treatment of Hypertension, JAMA 106 762- 
767 (March 7) 1936 

3 Elixir Kacyan McNeil and Tablets Kacyan 
McNeil Not Acceptable for N N R , report of the 

J Council on Pharmacy and Chemistry, JAMA 
92 1838 (June 1) 1929 


used ^ We feel that the report of cases like our 
own IS necessary m order to speed the final and 
correct evaluation of this form of treatment 

The few cases hitherto published of death due to 
the therapeutic use of these drugs have presented 
a fairly uniform sequence of events ® Often a 
high degree of asthenia precedes the onset of 
symptoms These are initiated with dysarthria 
and sometimes verbal aphasia and are followed 
by mental dulness, clonic contractures of the 
extremities and a dehnant state with visual or 
auditive hallucinations, sometimes with great 
mental and motor excitation In fatal cases, de- 
spite the discontinuance of the drug with the on- 
set of symptoms, there is a downhill course, with 
accentuation of the mental confusion, convulsions, 
stuporous state, coma, sphincter incontinence, 
collapse and death three to nineteen days from 
the beginning of symptoms 

REPORT OF CASE 

A G, a white man aged 55, was admitted to the 
Hospital on May 17, 1943, complaining of dyspnea on 
exertion, tinnitus, photopsies and occurrence of palpitation 
during the preceding three months He had also been 
suffering from muscular weakness, paresthesia in the 
right upper extremity and orthopnea during the month 
preceding admission His past history was irrelevant 
except for an immoderate use of alcohol throughout 
most of his adult life and for a tendency to repeated 
nosebleeds for the past several years 

Physical examination disclosed a plethoric patient 
with a blood pressure of 230 systolic and 130 diastolic 
and with mild signs of congestive heart failure as 
indicated by the presence of dyspnea, slight cyanosis of 
the lips, tachycardia, pulmonary congestion, enlarge- 
ment of the left side of the heart and some edema of 
the ankles The liver was not remarkable, and ascites 
was not detected A slight degree of dysarthria was 
present The diagnoses of essential arterial hypertension, 
generalized arteriosclerosis of moderate degree and 
congestive heart failure were made 


4 del Solar, A , Dussaillant, G , and Rodriguez, 
G El tratamiento ae la hipertensi6n arterial con el 
tiocianato de potasio. Rev med de Chile 72 663-675 
(Aug ) 1944 

5 Russell, W O , and Stahl, W C Fatal Poison- 
ing from Potassium Thiocyanate Treatment of Hyper- 
tension, J A M A 119 1177-1181 (Aug 8) 1942 
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Further study showed a biachial venous pressure of 
11 5 cm of water, a vital capacity of 1,800 cc and the 
circulatory rate of the blood from arm to lung (ether) 
and from arm to tongud (calcium bromide) moderately 
prolonged, being twelve and twenty-two seconds respec- 
tively The electrocardiogram showed signs of probable 
left ventricular hypertrophy and myocardial damage 
The ocular fundi showed moderate retinal arterioloscle- 
rosis and venous engorgement Roentgen examination 
disclosed an aortic type of heart, with moderate enlarge- 
ment and an atheromatous aortic pattern Results of 
laboratory studies were essentially normal except for 
an occasional red blood cell and traces of albumin in 
the urine The blood urea nitrogen level was 14 mg 


daily in three doses being indicated This was increased 
to 0 60 Gm eleven days later, the blood content of 
thiocyanate, howevei, remained low On July 22 it 
was only 2 S3 mg per hundred cubic centimeters, and 
consequently the pi escribed dose was again raised, to 
0 90 Gm dailj Six days later, on July 28, mental 
dulness and increased dysarthria were noted A slight 
reduction of blood pressure, to 185 mm systolic and 
110 mm diastolic, was recorded, physical examination 
disclosed no other changes Use of thiocyanate was 
discontinued immediately, during the day tlie patient 
complained of zoopsia, and slight clonic contractures of 
the upper extremities were noted The thiocyanate level 
of the blood 0 as determined in the morning of that 



Pig 1 ^The first four values for blood pressure represent tlie maximal and minimal values for diastolic and^ 

systolic pressures , the first two, before the institution of treatment, and tlie next two, before the onset of toxic , 
symptoms, on the seventy-third hospital day Note the high blood level of cyanates on this day and its subsequent 
descent, together with the decrease of the urinary excretion of the drug and the striking increase of urea nitrogen 
in the blood 


per hundred cubic centimeters The blood sugar and 
total cholesterol levels and the sedimentation rate were 
normal There was no anemia A test of the urea 
clearance of the blood gave a value of 96 per cent of 
normal 

Hospital Course (fig 1) —The usual treatment of 
congestive heart failure, including rest m bed, diet and 
use of digitalis, xanthines and sedation, resulted in a 
prompt restoration of circulatory function ^ However, in 
spite of prolonged rest m bed and antispasmodic therapy, 
the blood pressure persisted constantly elevated, above 
200 mm systolic and 102 mm diastolic On July 6 
it was decided to try potassium thiocyanate, 0 50 Gm 


day was 7 mg, but eight hours later it had risen to 
29 mg per hundred cubic centimeters and the urinary 
concentration of the drug was 33 mg per hundred 
cubic centimeters 

We discovered that eight to ten days previously the 
patient had broken the tip of the dropper with which 
he measured the solution of the drug to be taken and 
had disregarded this accident We could calculate then 
that when we had prescribed 0 60 Gm of potasisum 
thiocyanate the patient had been ingesting 0 89 Gm . 
daily and that when the prescribed dose had been raised | 

6 The values obtained were repeatedly checked on 
the same specimen of blood 
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to 0 90 Gm he had begun to take about 1 34 Gm per 
day Because of this and because of the clinical picture 
already described, the diagnosis of potassium thiocyanate 
intoxication was made A high fluid intake and sedation 
with bromides were indicated The following day the 
same abnormal signs somewhat more accentuated were 
observed, and, in addition, occasional deliriant episodes 
were noted Cutaneous and tendinous reflexes were 
increased, and mild motor incoordination of the limbs, 
more pronounced m the right leg, was detected, the 
pulse rate was 96 per minute and the blood thiocyanate 
level 875 mg per hundred cubic centimeters 

In an attempt to increase the elimination of the drug 
and to minimize its deleterious effects on cellular 
respiration, the following therapeutic scheme was insti- 
tuted withdrawal of 600 cc of venous blood, con- 
tinuous intramuscular injection of isotonic dextrose 
solution and administration of fluids by mouth freely, 
a total of 4 liters m the day being attained, 2 cc of 
esidrone (the sodium salt of pyridenedicarboxyl-0- 
mercuri-w-hydroxypropylamide theophylline) intramus- 
cularly, 75 mg of thiamine hydrochloride and 300 mg 
of nicotinamide in divided doses intravenously, 300 mg 
of ascorbic acid and 0 20 Gm of digitalis leaf (main- 
tenance dose) by mouth were also administered 

During the following days this treatment was com- 
pleted with the addition of aminophylline, metrazol and 
nikethamide as respiratory stimulants and administra- 
tion of riboflavin (3 mg per day) parenterally and 
adequate amounts of fluid was continued Few changes 
were observed in the condition of the patient until the 
fourth day of intoxication, when he fell into a comatose 
state with tachycardia and Cheyne-Stokes respiration, 
no additional changes were noted in the fundi A spinal 
tap was performed and 10 cc of fluid of normal 
appearance was withdrawn, chemical examination dis- 
closed a thiocyanate content of 10 mg per hundred 
cubic centimeters, 0 1 per cent albumin with 1 white 
blood cell per cubic millimeter and 0 64 per cent 
chlorides , the fluid was otherwise normal Neurologic 
examination disclosed the presence of a slight spastic 
right hemiparesis , the neurologists’ ^ opinion was that 
the patient had essentially the picture of a toxic en- 
cephalopathy and, in addition, slight signs of focal 
damage in the left hemisphere, and they suggested that 
these might correspond to an old lesion that had been 
made more prominent by the encephalic intoxication 
Itself They considered other possibilities, i e , a 
memngocortical hemorrhage or other acute vascular 
accident, as remote The same conditions were found 
and the same diagnosis was maintained on subsequent 
neurologic examinations 

On the fifth day of illness the patient recovered 
consciousness and blood pressure readings showed a 
decided drop, to 130 mm systolic and 90 mm diastolic 
No additional changes were noted in the ocular fundi, 
a complete blood count exhibited normal values foi 
hemoglobin and erythrocytes and a hyperleukocytosis 
(16,500 cells) with strong hyperregenerative deviation 
to the left The next day aminophylline, analeptics, 
thiamine hydrochloride and riboflavin were discontinued 
and hypertonic dextrose solution intravenously was 
prescribed to overcome a state of anuria that had 
appeared in the morning of that day and that lasted 
twenty-four hours 

Except for the 'appearance of some pitting edema in 
the legs, no significant changes were noted on sub- 
sequent days On August 5 the total cholesterol level, 
found to be 148 mg on admission, had fallen slightly, 

7 Drs E Uiberal and R Nunez B assisted as 
consultant neurologists 


to 130 mg per hundred cubic centimeters of blood A 
similar fall of blood protein to slightly subnormal 
values was also noted, the value on August 11 was 
5 44 Gm per hundred cubic centimeters, with an 
albumin-globulin ratio of 1 2 On August 10, the 
fourteenth day of illness, the patient again became 
deeply stuporous, physical examination showed signs 
of bronchopneumonia in the base of the right lung 
Finally, on the sixteenth day, the patient’s condition 
became critical Blood pressure values of only 95 mm 
systolic and 50 mm diastolic, pronounced stertorous 
dyspnea and relaxation of sphincters supervened He 
died m collapse m the morning of that day 

Nea opsy s— -The significant observations were as 
follows 

Gross Examinations In the brain there was a small 
area, the size of a nut, of very recent hemorrhagic 
encephalomalacia in the left occipital lobe In addition 
to this, two 3 by 1 by 1 cm areas of old and well 



Fig 2 — Section from a kidney Hematoxylin and 
eosin stain , X 200 

capsulated encephalomalacia were also found, one in 
the white matter close to the external aspect of the 
right lenticular nucleus and the other in the left hemi- 
sphere involving the external face of the optic thalamus 
and part of the anterior arm of the internal capsule 
There existed decided arteriosclerosis at the base of 
the brain The heart was moderately enlarged and 
hypertrophic, with a small patent foramen ovale, coronary 
arteriosclerosis and slight diffuse myocardial scarring 
of vascular type In the aorta atheromatous plaques 
m moderate number were observed The right kidney 
weighed 200 Gm , the left, 230 Gm The surface was 
finely granular, with a small number of scars of 
vascular type , renal arteriosclerosis was observed 
Confluent bronchopneumonia of the lower lobe of both 
lungs was found Hyperplasia of the prostate with 
hypertrophic bladder muscle and an isolated gallbladder 
stone were observed 


8 Prof H Rodriguez H and Dr C Medina L 
made the complete pathologic studv m this case 
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Microscopic Examinations Sections from both the 
damaged and the undamaged areas in the brain, heart 
muscle, liver, lungs, kidneys and bone marrow failed 
to disclose specific alterations ascnbable to the drug 
On the periphery of the right occipital lobe softening, 
inflammatory infiltration and neuroglial proliferation 
of slight degrees and few macrophages, some containing 
lipid droplets and hemosiderin inclusions, were found 
Sections from the kidneys showed a diffuse and ir- 
regular inflammatory infiltration of mononuclear and 
polymorphonuclear cells with occasional involvement of 
the glomeruli, most of which, nevertheless, appeared 
normal There were occasional hemorrhagic inter- 
stitial foci Small and medium-sized arteries appeared 
thickened by a process of obliterating endarteritis that, 
in correspondence with some small atrophic foci, com- 
pletely occluded the vessel The more prominent 
changes, however, were found in the convoluted tubules, 
especially in the proximal ones, they consisted in a 
marked cloudy swelling and frequently even necrosis 
of their epithelial lining, with coagulated albuminous 
material, degenerated epitlielial cells and erythrocjtcs 
in their lumen (fig 2) These changes presented vary- 
ing degrees of intensity m different sections Calcic 
casts, especially in the collecting tubules, were also 
found Sections from the liver, bone marrow and 
other organs disclosed no significant changes 
Table 1 shows the amounts of thiocyanate contained 
in different tissues of our patient® compared with the 


old left temporal encephalomalacia was also 
found and that in 4 of the other 5 cases of fatal 
theiapeutic poisoning as shown in table 2 as 
well as in the 4 cases of toxic encephalopathy in 
the senes of Barker and associates the patients 
were all elderly persons If this assertion proves 
to be true, it will indicate a clearcut contiaindi- 
cation to the use of potassium thiocyanate for 
hypertension, since injury to the brain tissue of 
significant degree is a common and frequently 
unrecognizable feature in the natural histoiy of 
this disease 

The problem concerning the * third area of 
thrombotic softening in the right occipital lobe is 
simpler This was a rather recent lesion, as evi- 
denced by its macroscopic appearance and the 
slight inflammatory reaction and phagocytic ac- 
tivities on section, and consequently should be 
legarded as a terminal event, possibly precipi- 
tated by the great decline of blood pressure that 
occurred during the intoxication 

Some comment should be made regarding the 
neciotic nephrosis found m this case No mention 


Table 1 — Amounts of Drug tn the Ttssucs vt 3 Coses of Fatal Potassium Thiocyanate Poisoning 


Potassium Thlocynnatc, Jig per 100 Gm 


Author 

Brain 

Heart 

Kldncj 

Liter 

Lung 

Muscle 

Spleen 

Goldnng and Chasis, 1932 

18 0 

97 

15 4 

92 

17 0 


14 5 

Bussell and Stahl, 1942 


12 

54 

101 




Del Solar and associates, 1914 

22 1 

28 C 

25 5 

20 3 

22 0 

10 5 



values obtained in the other 2 cases of fatal poisoning 
in which such study has been performed It can 
be seen that m our case there was a fairly uniform 
distribution of thiocyanate in the tissues and the values 
were distinctly higher than in the other 2 cases 

COMMENT 

The presence of the encephalic lesions already 
described might cast some doubt on the true 
cause of death in this patient It should be pointed 
out, however, that two of the foci of encephalo- 
malacia corresponded to old cicatricial “cured” 
lesions, therefore death cannot be ascribed to 
them alone On the other hand, it is quite possi- 
ble that an alread}'^ damaged brain, with im- 
paired blood supply, may represent a predis- 
posing factor either for the establishment of 
the intoxication or for the fatal outcome of the 
case In this connection it is interesting to point 
out that in Russell and Stahl’s case ® an area of 

9 For this determination an alcoholic extraction 
from the tissue was performed and the thiocyanate 
level determined by Barker’s method but employing 
standard solutions prepared with alcohol 

10 Goldring and Chasis Garvin Russell and 
Stahl ® 


of damage to the renal parenchyma from potas- 
sium thiocyanate either in human subjects or in 
experimental animals has been encountered in 
a fairly comprehensive review of the literature * 
Thus our case would appear as the first in the 
literature in which it has been observed Some 
reservations must be made, however, relative to 
the use of a mercurial diuretic (esidrone) in the 
treatment of our patient The possibility of death^ 
from mercurial poisoning must be considered 
Although we could not say with certainty that 
the renal lesions were not due to the diuretic em- 
ployed, we must point out that the picture pre- 
sented by the patient during life was not at all 
the usual one observed in cases of mercurial 
poisoning or of mercurial nephrosis and re- 
peated urinalysis showed no increase in the few 
red blood cells and the traces of albumin that 
the patient had shown since his admission to the 
hospital Moreover, the conclusion that death 
may have been produced by a single small dose 

11 Barker, M H , Lindberg, H A, and Wald, M 
H Further Experiences with Thiocyanates, J A 
M A 117 1591-1594 (Nov 8) 1941 
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of esidrone given intramuscularly appears un- 
likely in the light of present knowledge and ac- 
coiding to the data recently compiled on the 
subject by DeGraff and Nadler 

We state, therefore, that the excessive intake 
of the drug, together with the characteristic 
course and clinical features of the case and the 
high content of drugs in the blood, in the spinal 
fluid and most especially m the tissues, leaves us 
no doubt about the diagnosis of fatal thiocyanate 
poisoning A sun^ey of the literature shows that 
our patient is the seventh whose death was due 
to this form of treatment (table 2) 


accordance with present knowledge, that this was 
not a suitable case for use of the drug In our 
own case a distinct error in dosage appears as 
responsible for the death of the patient The 
remaining case, reported by Garvin, appears 
therefore as the only one in which treatment 
was irreproachable, although the advanced age 
of the patient could be offered as an objection 
It has been said,^^ and we agree with the state- 
ment, that potassium thiocyanate should not be 
administered to patients over 60 because of poor 
tolerance 


Table 2 — Repotted Cases of Fatal Poxsomng fiovi Thiocyanate 






Blood Thio 


Drug in 






cyanate. 


Tissues, 




Sex and 


Mg per 


Mg per 


Case 

Author 

Age 

Dose, Gm 

100 Oc 

Necropsy 

100 Gm 

Comment 

1 

Lesser, ISOS 

M, 53 

? massive 


Yes 

Strong 

traces 

Suicidal intent 

2 

Kobert, 1000 

r, 

03 




Questionable, small 








dose, incomplete data 

S 

Vintilesco and Popesco, 

M, 27 

100 7 

Present 

Yes 

Present 

Suicidal intent 


1016 -e 







4 

Salceby, 1930 -» 


OSdailj 


Yes 


Doubtful, coronary and 








mesentenc thrombosis 

5 

Hcaly, 1931 

r, 67 

0 (total In 10 days) 




Therapeutic use 

6 

Henly, 1931 

F.63 

0 90 to 0 04 daily 





7 

Goldring and Chasis, 1932 

P,40 

9 7 In 16 days, 0 05 


Yes 

9 2 to 18 

Therapeutic use 




dally 




8 

Goldnne and Cbasis, 1932 **> 

r, 56 

14 5 in ISdavs, 080 




Therapeutic use 




dally 




0 

Gan in, 1939 =« 

r.7i 

9inI5dn>s 0 32 

13 0, 18 0 

Yes 


Therapeutic use 




to 0 90 daily 




10 

Russell and Stahl, 1912 ^ 

M, 52 

6 6 in 14 days, 0 4 

15 2, 21 7 

Yes 

4 2 to 

Therapeutic use 




dally 



101 

11 

Del Solar, Dussaillant, Brod 

M, 55 

18 in 22 days, 0 5 

7, 29 

Yes 

16 5 to 

Therapeutic use, patient 


sky and Rodriguez, 1944 


to 1 34 dailj 



28 6 

ingested more than 


prescribed dose 


Table 2 presents a summary of the fatal poison- 
ings hitherto reported It can be seen that the 
first 3 cases represent instances of suicide or 
possibly of suicidal intent The fourth case can- 
not be considered as an unquestionable instance 
of thiocyanate poisoning, since the toxic mani- 
festations were mainly cutaneous, the dosage was 
small, determinations of thiocyanate were not 
done and, finally, death resulted from coronary 
and mesenteric thrombosis The remaining 7 
cases, including ours, appear, on the other hand, 
as genuine instances of fatal poisoning In 4 of 
these (cases 5, 6, 7 and 8) no determination of 
blood thiocyanate level was done during the 
treatment and the doses employed appear ex- 
cessive Of the remaining 3 instances, in the 
case reported by Russell and Stahl before treat- 
ment there was a significant nitrogen retention, 
poor renal function and probably also some de- 
gree of congestive heart failure We feel, in 

12 Two cubic centimeters of esidrone contain 0 086 
Gra of mercury 

13 DeGraff, A C , and Nadler, J E A Review on 
the Toxic Manifestations of Mercurial Diuretics in 
Man, JAMA 119- 1006-1011 (July 25) 1942 


It could be infeired that by stiict observance of 
the indications for correct administration accord- 
ing to prevalent concepts serious and fatal in- 
toxications could be avoided entirely We feel, 
nevertheless, that this is not entirely true Barker 
and associates have stated that m their 
experience blood thiocyanate concentrations be- 
low 15 mg per hundred cubic centimeters are 
innocuous and that serious reactions have been 
observed only with levels of 20 mg or above 
These contentions, on which rests all the rationale 
of potassium thiocyanate therapy, although ap- 
plicable to the great majority of persons, cannot 
be generalized as a therapeutic rule Page^® 

14 Griffith, J C , Lmdauer, M A , Roberts, E , and 
Rutherford, R B Studies of Criteria for Classification 
of Arterial Hypertension VI Treatment with Thio- 
cyanate, Am Heart J 21-90-93 (Jan) 1941 Robin- 
son, R W , and O’Hare, J P Further Experiences 
with Potassium Sulfocyanate Therapy in Hypertension, 
New England J Med 221 964-969 (Dec 21) 1939 

15 Barker Barker, Linberg and Wald 

16 Page, I H, and Corcoran, A C Hypertension, 
in Steele, J M , and others Advances in Internal 
Medicine, New York, Interscience Publishers, Inc , 
1942, p 83 
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has indicated that even with so-called therapeutic 
or even lower concentiations, seiious intoxica- 
tions may occur Of the 3 fatal cases in which 
blood concentrations were detei mined it can be 
seen that in Garvin’s the toxic symptoms ap- 
peared when the blood thiocyanate level had 
reached only 13 6 mg per hundred cubic centi- 
meters, that in Russell and Stahl’s case it was 
between 15 2 and 21 7 mg , and, finally, that in 
our case, probably the most conspicuous of all, 
the blood level had reached only 7 mg per hun- 
dred cubic centimeters when the intoxication 
began It should be pointed out that the “impor- 
tant” blood concentiations on which the clinician 
must depend and on which the correct evaluation 
of the cases should be based are those obtained 
before or at the very onset of symptoms of tox- 
icity and not the values obtained afterward 
Thus m the 3 cases the cyanate level lose rather 
sharply during the course of the poisoning, pos- 
sibly because of a sudden release of the stored 
drug from the injured tissues, but, at least m 
Garvin’s case, it never reached the levels at 
which "serious toxicity” occurs, according to the 
experience of Barker and associates 

We feel, therefore, that the prevalent concepts 
regarding toxicity and mode of administration 
of thiocyanate should be partly modified We 
favor now, with Crockett and Moench,^" the use 
of smaller doses than those usually prescribed 
Amounts of fi om 01 to 0 3 Gm per day, de- 
pending on body weight, at the beginning and 
slowly increased afterward, the blood thiocyanate 
being carefully watched at the third and seventh 
day and thereafter at gradually increased inter- 
vals of one to four weeks, would appear con- 
venient in our opinion 

Cavmess and co-workers advocated treat- 
ment with the lowest effective blood level of the 
drug possible, they rarely found it necessary 
to increase the level over 9 mg per hundred 
cubic centimeters Other authors also have 
found good responses in a certain number of 
cases with blood concentrations as low as 3 to 
6 mg per hundred cubic centimeters It is pos- 
sibly a fact that somewhat better responses are 

17 Crockett, K A , and Moench, L G Potassium 
Thiocyanate Treatment of Hypertension, JAMA 
120 982 (Nov 21) 1942 

18 Cavmess, V S , Umphlet, T L , Peasley, E D , 
Bell, T A , and Satterfield, G H Potassium Sulfo- 
cyanate in Treatment of Hypertension, North Carolina 
M J 2 283 (June) 1943, abstracted, J A M A 117 
1046 (Sept 20) 1941 

19 Blaney, L F , Geiger, A J , and Ernst, R G 
Potassium Thiocyanate in the Treatment of Hyper- 
tension, Yale J Biol & Med 13 493-507 (March) 
1941 Flexner, M Medical Treatment of Hyper- 
tension, South M J 34 917-921 (Sept ) 1941 , cited by 
Page and Corcoran 


obtained with higher levels, as those of 8 to 12 
mg as advocated by Baiker, Lmberg and Wald,^^ 
and, moreover, that some patients may respond 
onl}^ at these concentiations We feel, neverthe- 
less, that thiocyanate therapy should be restricted 
to patients who react with a decline of blood 
pressure on levels of fiom 2 to 5 mg per hun- 
dred cubic centimeters, as, fortunately, the ma- 
joiity of patients m oui experience have done, 
and that higher levels than these are potentially 
toxic and should not be attempted 

Special care should be given to the gradient 
of ascent of blood thiocyanates Abrupt ascents 
were obtained in the 3 fatal cases m which deter- 
minations of blood level were done Thus m 
Garvin’s case the level rose to 3 8 mg during 
the first five days and to 10 mg on the eleventh 
day of treatment, in Russell and Stahl’s case it 
lose to 4 2 mg on the second day and to 15 2 
mg nine days later In our case the level rose 
from 2 5 to 7 mg in as short a span as seven days 
It may be inferred from this that a too sharp 
increase in the blood thiocyanate content, per- 
haps around or over 0 75 mg per day, possibly 
means either an excessne letention of the drug 
m the body or an excessive dose In both in- 
stances the abrupt ascent observed may be the 
foieuinner of much higher and potentially toxic 
blood levels if the dosage is not sharply reduced 

The presence of low blood thiocyanate before 
death in oui patient, despite the high content of 
di ug m the tissues al necropsy is in disagreement 
with observations made on human beings and 
on animals,*" wdiich tend to demonstrate that the 
blood concentration of thiocyanate closely follows 
the concentration in the tissues We have found 
no explanation for this, possibly in our case it 
was due to good unnarj' excretion of tlie drug 
and to the great pow er of retention of the tissues 
intoxicated with it 

CONCLUSIONS 

In its struggle against disease medicine has 
created a certain number of therapeutic proced- 
ures that under some conditions may defeat the 
purpose for which they are administered, caus- 
ing death Such is the case with arsenical com- 
pounds foi syphilis, sulfonamide compounds, 
digitalis, mercurial diuietics and others After 
a long period of clinical and experimental obser- 
vations and in view of the rather small number 
of deaths as compared with the imposing num- 
ber of lives providentially saved, medical prac- 
tice has come to justify their general use 

We are aware that authors with considerable 
experience and authority are enthusiastic advo- 
cates of the potassium thiocyanate therapy for 
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h) pei tension, having nevei observed seiiously 
untowaid leactions. This meiely shows that 
such leactions aie foitunately raie, but by no 
means should it cause disiegaid for the accumu- 
lated data on thiocyanate toxicity that less fortu- 
nate A\orkeis have contnbuted The empiiic use 
of thiocyanates is at the piesent time undei going 
the phase of study necessary for the coiiect 
appiaisal of any drug Up to the piesent time it 
IS Icnown only that this therapy is able to relieve 
two of the manifestations of hypei tensive dis- 
ease, namely the high blood pressuie and the 
symptomatic complaints, but it is not knowm how 
tins treatment modifies the course and the prog- 
nosis of the disease Moieover, a comprehensive 
statistical study of the frequency wuth which 
severe intoxications occui is lacking If these 
tw^o points aie not favorably answered by the 
future, this foim of tieatment should be aban- 
doned Theie would be no justification for the 
use of a substance that pioduces no real benefits 


in the disease for which it is admmisteied, that 
IS potentially toxic and that may even cause 
death 

SUMMARY 

Anothei case, the seventh thus far leported, 
of death due to the theiapeutic use of potassium 
thiocyanate foi hypertension is added to the 
hleiatuie A distinct fault in dosage on the part 
of llie patient was responsible for the intoxica- 
tion, it emphasizes the danger of prescribing 
the diug m easily inaccurately measured forms, 
like the solution for drop administration used for 
this case 

The thiocyanate concentration of the blood at 
the onset of toxic symptoms was only 7 mg pei 
bundled cubic centimeters The concentrations 
of the diug m the tissue are the highest ones 
thus fai leported m similar instances A promi- 
nent featuie of the postmortem examination was 
the finding of an acute neciotic nephrosis that 
had pioduced no symptoms oi signs during life 
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It IS traditional to consider the well bmlt, 
strong, plethoric, overweight person as a candi- 
date for apoplexy or heart disease Because of 
the lack of recorded observations to support this 
clinical impression, a study of the erythrocyte 
counts and hemoglobin contents of a senes of 
proved cases of coronary thrombosis was made 
A study of 58 cases in which there was either 
autopsy evidence or a senes of electrocardio- 
graphic tracings typical of coronary thrombosis 
has revealed that only 8 per cent of the patients 
had an erythrocyte count of less than 4,500,000 


Table 1 — Erythrocyte Counts for Thirty-Su Men zvtih 
Coronary Thrombosis 



Per Cent ol Patlente 



3 

8 47 SC 

0 



Ecd Blood Cells In Millions 
* 








60+ 6063 

5 6-60 

60+6 

46- 

611 690 

5 41 

4 96 

4 49' 

685 

6 41 

4 93 

4 42 

6 74 

5 40 

4 92 



539 

4 91 



6 31 

4 84 



5 30 

4 78 



6S7 

4 76 



682 

470 


Mean 6 09 

5 80 

4 70 



616 

4 CO 



515 

463 



618 

4 60 



610 




609 




603 




5 03 




5 03 




per cubic millimeter and that only 11 per cent 
had a hemoglobin content of less than 13 0 Gm 
There were 36 men, with a mean erythrocyte 
count of 5,090,000 per cubic millimeter, and 22 
women, with a mean erythrocyte count of 
4,850,000 per cubic millimeter Six per cent of 
the men and 13 5 per cent of the women had an 
erythrocyte count of less than 4,500,000 per 
cubic millimeter 

A relation between the erythrocyte count and 
clotting tendency having been suggested, a 


clotting study on 15 persons was made Eight 
plethoric patients with evidence of either coro- 
nary or cerebral thrombosis and 7 controls, 
including pletlioric, normal and anemic persons, 
were studied These included patients with 
polycythemia vera, obesity, leukemia, chronic 
glomerulonephritis and Hodgkin’s disease, as 
well as normal controls 
Hemoglobin was studied by the Sahh method , 
prothrombin time, by Quick’s method For 
hematocrit determinations heparin was the anti- 
coagulant A simple test for sensitivity to 
heparin described by de Takats ^ was used in 
this study Ten milligrams of purified hepann 


Table 2 — Erythrocyte Counts iorTiventy-Two Women 
with Coronary Thrombosis 




Per Cent of Patients 



0 

9 65 13% 

13% 



Eed Blood Cells In Millions 

- - * - 




60-56 

6.660 

60+5 

45- 

6 97 

6 40 

4 03 

4 30 

690 

605 

4.92 

878 


490 

490 

3 44 


iSO 

489 

485 

480 

Mean 4 85 4 74 

471 
in 
470 
409 
465 
464 


was injected intravenously The coagulation -< 
time was determined before the injection and 
ten, twenty, thiity and forty minutes aftei the 
injection A finger tip of each patient was 
punctured with a standard automatic lance The 
first drop of blood was wiped off, the second 
was taken up in a chemically clean capillary 
tube 1 0 mm in diameter, which w as held m 
the hand during the determination foi thermo- 
static control The tube was broken eveiy 
thirty seconds, and the appearance of the first 
thread of fibrin was taken as the end point 


From the departments of Medicine, Northwestern 1 de Takats, G Surg , Gynec & Obst 77 32-36, 
University Medical School and St Joseph Hospital 1943 
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measuied from the time the second drop of blood 
appeared The curves thus obtained were classi- 
fied as showing hypoieaction if the coagulation 
time beginning ten minutes after the injection 
■was four and a half minutes or less and hypei- 
leaction if the coagulation time was ovei seven 
and a half minutes 

The results are shown in chart 1 In this 
chart the prothrombin time in percentage of nor- 
mal and the leaction time to heparin (ten min- 
utes) represents the clotting activity When 
these factors are plotted against the erythrocyte 
counts, arranged serially from low to high, a 
definite increase of the clotting activity is seen 
to occur as the erythrocyte count increases 


T -^BLE 3 — Hemoglobin Values for Fifty-Eight Patients 
with Corouaiy Thrombosis 


Per Cent of Patients 

SC 

3 30 20 

Hemoglobin in Grams 

11 

10 0 

16 0-15 0 

15 0-14 0 

14 0 13 0 

13 0 

IS 2 

15 2 

14 8 

13 4 

12 0 

18 0 

151 

14 5 

13 4 

12 5 

18 0 


14 5 

13 3 

12 0 

17 5 


14 5 

13 3 

110 

17 4 


14 5 

13 2 

11 8 

17 3 


14 5 

13 2 

88 

17 0 
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13 2 


17 0 


14 5 

13 2 


1G8 


14 5 

132 


16 4 


14 4 

132 


16 4 


14 3 

131 


16 2 


141 



161 


14 0 



16 0 


14 0 

Mean 

14 5 

16 0 


14 0 



16 0 


14 0 



10 0 


14 () 



16 0 





10 0 





10 0 






This correlation, although not exact m the indi- 
vidual case, shows a definite trend in the group, 
more pronounced in the plethoric persons than 
m the normal and anemic controls De Takats 
has previously demonstrated that the response 
to heparin in patients with thrombosis is re- 
duced In this series, there is a high incidence of 
hyporeaction in the plethoric person without 
clinical evidence of thrombosis, and the erythro- 
cyte count IS uniformly elevated or in the upper 
limits of normal The presence of a high 
erythrocyte count, a flat heparin tolerance curve 
or a short prothrombin time cannot be con- 
sidered in itself to be a factor capable of precipi- 
tating thrombosis, but the presence of all three 
in a group of persons with a known tendency 
to thrombosis appears to provide more sus- 


ceptibility once thrombus formation has been 
initiated 

A study was then made of 3 patients with flat 
heparin tolerance curves to determine the effect 
of bleeding on the clotting mechanism It was 
formerly believed that venesection provoked 
erythropoietic stimulation However, it has been 
shown by Falconer, ^ Stephens and Kaltreider,^ 
Holbrook,^ Hines and Darnall ® and others that 



Chart 1 — Fifteen cases The erythrocyte count is 
plotted serially from low to high The clotting index 
is plotted from the prothrombin time (in percentage 
of normal) and the reaction to heparin taken ten 
minutes after its injection 

small (100 to 500 cc ) frequent bleedings in 
patients with polycythemia vera controlled the 
symptoms and lowered the erythrocyte, hemo- 
globin and hematocrit values without producing 
a significant rise in the reticulocyte count Three 
patients were studied a normal control, a pa- 
tient with polycythemia vera and a patient with 



Chart 2 — ^Results of bleedings in a patient with 
polycythemia vera 

a recent coronary thrombosis The patient with 
polycythemia vera was studied before, during 
and after a series of small bleedings A total 

2 Falconer, E H Ann Int Med 7 172-189, 1933 

3 Stephens, D J , and Kaltreider, N L Ann Int 
Med 10-1565-1581, 1937 

4 Holbrook, A A Wisconsin M J 40 899-910, 
1941 

5 Hines, L E, and Darnall, W C Am J Af 
Sc 206 434-438, 1943 
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of 1,725 cc of blood was withdrawn in six bleed- 
ings over a period of two months During this 
period the erythrocyte count decreased from 
6,600,000 to 5,290,000 cells per cubic milli- 
meter, the prothrombin time was slightly in- 
creased, and the response to hepai m was slightly 
increased From another plethoric patient with 
lecent coronary thrombosis, auricular fibrillation 
and obesity, 800 cc of blood was withdrawn 


produced a lessening of the clotting tendency, as 
evidenced by an inciease in the prothrombin 
time and an elevation m the heparin tolerance 
The same results were obtained m the patient 
with polycythemia vera, in which the tendency 
to thrombosis is well known In contrast, the 
normal control showed no change in the pro- 
thrombin time, although the response to heparin 
was greatly diminished 


140 


130 


SI 

cl I 

I g ’ 20-1 


IJO-^ 


o ^ 

5° 

100 


Amt of 
bleediru^ 




Chart 3 — Results of bleedings in a patient with a 
recent coronary thrombosis 

m live bleedings m one and a half months 
The erythrocyte count dropped from 5,000,000 
to 4,500,000 cells pei cubic millimeter, the 
prothrombin time was slightly increased, and 
the response to heparin was noticeably increased 
From a normal patient 1,350 cc of blood was 
withdrawn in four bleedings during a six week 
period The erythrocyte count dropped from 
5,400,000 to 4,290,000 cells per cubic millimeter , 
the prothrombin time was slightly shortened, and 
the response to heparin was i educed 

These studies show that small frequent bleed- 
ings in 1 patient (recent coronary thiombosis) 


Chart 4 — Results of bleedings in a normal person 
SUMM Mty 

Only 2 of 58 patients pioved to have had 
coionary thrombosis had an er}throc 3 te count 
of less than 4,000,000 Diminished clotting time 
after administration of hepai in and a shortened 
prothiombin time A\ere the common findings for 
patients with high er}thiocyte counts 

Similai changes m the clotting mechanism 
haa^e been observed in patients knoiMi to haae 
thrombosis These facts suggest that the use of 
A cnesection both for pi ca enting and for treating 
thrombosis is rational The changes produced 
by bleeding a small number of patients seem to 
support the idea 
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INTRODUCTION 

The publications dealing with gasti oentero- 
logic subjects reveal continued progress through 
the year, with no startling developments The 
new chemotheiapeutic agents, the sulfonamide 
compounds and penicillin, have proved perhaps 
least helpful in infections of the digestive tract 

Several excellent books have appeared, none 
of which can be reviewed m detail Two of the 
three volumes of “Gasti oenterology,” written by 
Bockus,’- have been printed and can be highly 
recommended The second edition of “Diseases 
of the Digestive System,” edited by Portis - is 
likewise excellent Babkm ^ has published an 
exhaustive tieatise on the digestive glands 
Rehfuss ^ has written a commendable book on 
“Indigestion, Its Diagnosis and Management, 
with Special Reference to Diet ” Templeton’s ® 
“X-Ray Examination of the Stomach” is a 
splendid monograph on the roentgenologic exam- 
ination of the upper part of the digestive tract 
Hodges’ “ book presents an up-to-date and prac- 
tical consideration of roentgenologic gasti o- 
enterology Dack’s " monograph on “Food 
Poisoning” IS a classic The second edition of 
Manson-Bahr’s ® “Dysenteric Disorders” is an 
excellent reference text, as is the third edition 
of “Clinical Parasitology” by Craig and Faust ® 
Bargen,^° chiefly on the basis of his own enoi- 
mous experience with nonspecific ulceiative 
colitis, has written a splended monograph on the 
“Modern Management of Colitis ” Several 
review articles have appeared, such as those on 

1 Bockus, H L Gastroenterology, Philadelphia, 
W B Saunders Company, 1943, vol 1 , 1944, vol 2 

2 Portis, S A Diseases of the Digestive System, 
ed 2, Philadelphia, Lea & Febiger, 1944 

3 Babkm, B P Secretory Mechanism of the 
Digestive Glands, New York, Paul B Hoeber, Inc , 
1944 

4 Rehfuss, M E Indigestion Its Diagnosis and 
Management, Philadelphia, W B Saunders Company, 
1943 

5 Templeton, F E X-Ray Examination of the 
Stomach, Chicago, University of Chicago Press, 1944 

6 Hodges, F The Gastro-Intestinal Tract A 
Handbook of Roentgen Diagnosis, Chicago, The Year 
Book Publishers, Inc , 1944 

7 Dark, G M Food Poisoning, Chicago, Univer- 
sity of Chicago Press, 1943 

8 Manson-Bahr, P The Dysenteric Disorders, 
ed 2, Baltimore, Williams & Wilkins Company, 1943 

9 Craig, C F, and Faust, E C Clinical Para- 
sitology, ed 3, Philadelphia, Lea & Febiger, 1943 

10 Bargen, J A The Modern Management of 
Colitis, Springfield, 111 , Charles C Thomas, Publisher, 
1943 


roentgenology by Rigos and Kirkhn,^^ on dis- 
eases of the colon by Wollaeger and Bargen 
and on tropical disease by Faust,^® as well as 
Faust’s review of amebiasis in his Alvarenga 
Prize Lecture Bethell and associates have 
reviewed the literature dealing with the relation- 
ship between gastritis, pernicious anemia and 
gastric neoplasm, and Reimann has reviewed 
that pertaining to intestinal infections 

ESOPHAGUS 

MoUhty — McLaren^' studied kymographi- 
cally the movement of food down the esophagus 
and found that a wave of contraction moves at 
an average speed of 3 inches (7 5 cm ) in two 
seconds The wave, increasing in length as it 
pi ogresses, appears to push the food along with- 
out a pieceding wave of relaxation 

Esophageal Pam — Moersch and Miller,^® in 
an excellent review of esophageal pain, comment 
on the scarcity of knowledge concerning the 
innervation of the esophagus and the uncertaint) 
icgarding the pathway foi the conduction of 
pain Experimentally and clinically, the mecha- 
nism of pain seems to consist chiefly m stretch- 
ing of the esophagus with resultant increase in 
the tension The pain is much more likely to 
occur with acute ulceration, inflammation and 
presumably associated spasm than with slow- 
gi owing lesions, such as carcinoma There are 
wide variations among individuals as regards 
susceptibility to and the radiation of esophageal 
pain The great difficulty in distinguishing at 
times between angina pectoiis and the pain of 
hiatus hernia is emphasized 

11 Rigos, F, and Kirklin, B R Diagnostic Roent- 
genology in Gastroenterologj’' for the Year 1941, Gas- 
troenterology 1 669-686 and 942-960, 1943 

12 Wollaeger, E E , and Bargen, J A The Large 
Intestine A Review of Current Literature, Gastroen- 
terology 2 102-120, 1944 

13 Faust, E C Diseases in Tropical Zones, Gas- 
troenterology 1 995-1012, 1943 

14 Faust, E C Some Modern Conceptions of 
Amebiasis, Science 99 45-51 and 69-72, 1944 

15 Bethell, F H , Sturgis, C C , Mallery, O T , 
Jr, and Rundles, R W Blood A Review of the 
Recent Literature, Arch Int Med 74 37-39 (July) 
1944 

16 Reimann, H A Infectious Diseases Tenth 
Annual Review of Significant Publications, Arch Int 
Med 74 287-291 (Oct ) 1944 

17 McLaren, J W Kymography and Its Applica- 
tion to Esophageal Movement, Brit J Radiol 16 
270-273, 1943 

18 Moersch, H J, and Miller, J R Esophageal 
Pam, Gastroenterology 1 821-831, 1943 
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A ti csw — Singleton and Knight i eport 4 
cases of congenital atiesia of the esophagus with 
tiacheoesophageal fistulas Thiee of the patients 
died, 1 after gasti ostomy, 1 after a posterioi 
extiapleuial operation in which the fistula was 
ligated and the thud after a transpleural opera- 
tion in which the fistula was ligated and an 
esophageal anastomosis made In the foui th case 
a gasti ostom}^ was done, aftei which through 
a transpleural approach 'the fistula was ligated 
with an end to end anastomosis of the esophagus 

The child lived seven months The advantages 
of the transpleural appioach aie enumeiated 
Ladd discussed the different types of tracheo- 
esophageal fistulas and esophageal atiesia Since 
1939, 34 patients have been operated on with his 
method, 6 with piimary anastomosis of the 
esophagus, 2 surviving; 28 had the three stage 
operation consisting of obliteration of the esopha- 
geal fistula, gastrostomy and esophagostomy, 9 
surviving The primary anastomosis of the 
esophagus is considered the procedure of choice 
when the ends of the esophagus can be appioxi- 
mated Humphreys reviews the 134 cases 
published in the literatuie and includes 19 of his 
own in which operation was pei formed foi con- 
genital atresia of the esophagus Twenty-four 
babies have survived operation and are still 
living today A direct anastomosis was success- 
ful 111 8, in 16 the fistula was divided in the 
mediastinum, the upper segment being bi ought 
out m the neck and a gastrostomy made for feed- 
ing purposes Royer repoi ts the case of a 7 
year old boy with a congenital stenosis of the 
esophagus of the canalicular type treated success- 
fully by means of progressive dilation of the 
esophagus 

EwphagJhs — Brown placed a group of 17 
white rats between 2 and 3 months of age on a 
diet of Texas nee with cottonseed oil in the ratio 
of 20 cc of oil and 1,000 Gm of rice and a slice 
of fresh carrot for a period of six months No 
consistent abnormality was noted m any organs 
other than the esophagus Seven lats had ulcers 

19 Singleton, A O , and Knight, M D Congenital 
Atresia of the Esophagus with Tracheo-Esophageal 
Fistula, Ann Surg 119 556-572, 1944 

20 Ladd, W E The Surgical Treatment of Eso- 
phageal Atresia and Tracheoesophageal Fistulas, New 
England J Med 230 •625-637, 1944 

21 Humphreys, G H The Surgical Treatment of 
Congenital Atresia of the Esophagus, Surgery IS 801- 
823, 1944 

22 Royer, M Estenosis congenita canalicular del 
esofago, curacion con la dilatacion, Arch argent de 
enferm d ap digest y de la nutricidn 18 697-703, 
1943 

23 Brown, C E Dietary Ulcers of the Esophagus 
of the Rat, Am J Path 19 785-796, 1943 


m the lower part of the esophagus and 1 an ulcer 
of the forestomach Hyperkeratosis and various 
stages of inflammation, muscular atrophy and 
fibiosis weie noted Such lesions weie rarely 
found in a contiol gi oup 

PauH^ desciibes 5 cases of esophagitis lesult- 
ing in strictuie formation In 1 it followed the 
use of a negative pressuie tube for a week and 
was lelieved by numerous esophageal dilation 
In 1 case it was associated with a congenitally 
short esophagus with an esophageal hiatus 
heinia In 1 case theie was an esophageal stiic- 
tuie associated with a ruptured peptic ulcer In 
anothei case the strictuie was associated with an 
ulcer of the lesser cuivature of the stomach In 
the fifth case it developed over a period of three 
yeais and was accompanied with diffuse inter- 
mittent spasm of the lower half of the esophagus 
Paul emphasizes the probable role of acid gastric 
juice in the production of the esophageal ulcera- 
tion The roentgenologic changes consist of the 
seveie spasm of the distal part of the esophagus, 
loss of mucosal folds and a fine roughening of the 
surfaces If the lesion is present for a sufficient 
length of time, the roentgen findings may be those 
of a diffuse fibrous stiicture In some cases of 
chronic esophagitis the most. striking roentgen- 
ologic manifestation is intermittent diffuse spasm 
of the lower half or third with thickening of the 
mucosal folds The appearance is much different 
fiom “curling of the esophagus ” 

Ulcer — Cleaver, m a well documented and 
well illustrated presentation of 10 cases of peptic 
ulceration of the esophagus, describes the definite 
clinical and radiologic manifestations and the 
quite constant association with a congenital short 
esophagus or a diaphi agmatic hernia, peimitting 
regurgitation of acid contents from the stomach 
into the esophagus Similarly, ectopic gastric 
mucosa in the esophagus can produce chronic 
ulceration, as shown by biopsy in 2 cases and in 
a third reported by Bonorino Udaondo, d’AIotto 
and NasiO“® Peptic ulceration was associated 
with a short esophagus in all the cases observed 
by Johnstone Congenital shortening might 
account for ulceration in children However, 
the frequent occurrence in old age is ascribed to 
loss of elasticity of tissue in the aged, with re- 

24 Paul, L W Roentgenologic Aspects of Acute 
and Chronic Esophagitis, Radiology 41 421-430, 1943 

25 Cleaver, E E Chronic Peptic Ulceration of the 
Oesophagus, Am J Digest Dis 10 319-329, 1943 

26 Bonorino Udaondo, C , d’AIotto, V, and Nasio, 
J Ulcera peptica del esofago, Prensa med argent 
29 1342-1347, 1943 

27 Johnstone, A S Peptic Ulceration of the 
Oesophagus with Partial Thoracic Stomach, Brit 
Radiol IG 357-361, 1943 
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sultant shoitening of the esophagus and laxity 
of the hiatus Increased abdominal pressure may 
cause a small portion of the stomach to slip freely 
through the hiatus, forming a reducible thoracic 
portion of the stomach The laxity of the hiatus 
permits regui gitation of gastric juice The diag- 
nosis of peptic ulceration and partial thoracic 
stomach is essentially loentgenologic, the impor- 
tant feature being the demonstration of both 
esophageal and gastric mucosa above the dia- 
phragm With ulceration theie may be narrow- 
ing due to spasm at the junction of esophagus 
and stomach 

Mediastimtis — Hawes reports that roent- 
genologic examination of the barium-filled 
esophagus is a definite aid m the differentiation 
of mediastinal infection and tumoi As observed 
m 5 cases of active mediastinal tuberculosis, the 
appearance of the esophagus is changed by pres- 
sure, by adhesions and by actual involvement 
of the mucosal surface The presence of adhe- 
sions is indicated in the roentgenogram by a 
number of projections, appearing either as points 
or rounded waves, m the involved segment ot 
the esophagus These pi ejections aie constant 
and probably are produced by traction 

Mascheroni, Reussi and Lafage describe a 
49 year old man with spasm of the lowei part 
of the esophagus m whom after esophagoscopy 
a transitory esophagomediastinal fistula and 
abscess of the lung developed Recovery oc- 
curred gradually with the administration of 
0 5 Gm of sulfathiazole every three hours for 
twenty-eight days Grace and Irwin report 
perforation of the cervical portion of the esopha- 
gus by a plastic denture resulting in mediastmitis, 
treated by surgical drainage, with recovery and 
no evidence of esophageal obstruction 

Scleroderma — Hale and SchatzkH’- studied 
22 patients with scleroderma In 5 of 7 patients 
complaining of dysphagia the esophagus was 
abnormal, similar abnormalities were also found 
in 8 patients without symptoms The abnor- 
malities consisted mainly in delayed emptying 
combined with a decrease in peristalsis in the 
lower half of the esophagus There was no 

28 Hawes, L E The Roentgenological Changes 
in the Esophagus in Tuberculous Mediastmitis, Am 
J Roentgenol 5 575-584, 1944 

29 Mascheroni, H A , Reussi, C , and Lafage, L A 
Fistula esofagicomediastmica post-esofagoscopia , abs- 
ceso de pulmon, curacion, Arch argent de enferm d 
ap digest y de la nutricion 18 712-722, 1943 

30 Grace, K D , and Irwin, T M Perforation 
of the Cervical Esophagus with Mediastmitis, Surgery 
11 631-639, 1943 

31 Hale, C H , and Schatzki, R The Roentgeno- 
logical Appearance of the Gastro-Intestinal Tract m 
Scleroderma, Am J Roentgenol 51 407-420, 1944 


gloss dilatation as in cardiospasm Baiium 
sulfate passed into the stomach in a slow but 
constant trickle There was a tendency for the 
esophagus to remain open after the mam bolus 
had passed, to contain a laige amount of air and 
to be outlined by barium abnoimally adherent 
to the wall 

Vauces — Welt and Blatteis®” report massive 
hemonhage from esophageal varices attributed 
to portal obstruction resulting from scar tissue 
formation following multiple hepatic abscesses 
secondary to appendical peritonitis The patient 
^\as tieatcd successfully during a peiiod of bleed- 
ing bt injection of the sclerosing solution into 
the esophageal veins Duffy and Fiaser report 
another instance of fatal bleeding from esopha- 
geal varicosities with splenomegaly of unknown 
cause and a noi mal liver at autopsy 

Co}dto<!pasm — Weiss considers caidiospasm 

as an organ neurosis, a form of conversion 
h3'steria deeply rooted in the unconscious mental 
life of the individual It arises coincident with 
an emotional conflict in a person whose early 
life gives evidence of peisonaht}'- difficulties 
Exaceibations fiequently can be correlated with 
fresh psychic insults touching the particular com- 
plex of the individual Psychosomatic obser\a- 
tions in 9 cases are reported 
Roentgenologically the elongated tortuous and 
kinked esophagus may be seen to encroach on 
the pulmonary fields, but it is easily distinguished 
roentgenologically even though there is seldom 
a fluid level The shadow is relatively opaque 
and may be mistaken for other tjpes of medias- 
tinal enlargements D’Silva describes a dilated 
esophagus discovered on routine examination of 
the chest and differing from the usual cases by 
the absence of symptoms and of evident spasm 
and by the abnormal shape and length of the 
esophagus Hurst reports on 9 patients with 
respiratory symptoms resulting fiom pressure 
of the distended esophagus or from aspiration of 
regurgitated food In 1 patient the condition 
was mistaken for a mediastinal tumor , in 1 
pleural effusion developed secondary to aspira- 

32 Welt, B , and Blatteis, S R Esophageal Van- 
ces Case Report, Am J Surg 63 415-417, 1944 

33 Duffy, D G, and Fraser, A N Fatal Bleed- 
ing from Esophageal Variocosities, M J Australia 1 
202-204, 1944 

34 Weiss, E Cardiospasm A Psychosomatic Dis- 
order, P/ychosom Med 6 58-70, 1944 

35 Williams, E R Dilatation of the Esophagus, 
Bnt J Radiol 16 220, 1943 

36 D’Silva, J L Symptomless Enlargement of the 
Oesophagus, Bnt M J 1 750-751, 1944 

37 Hurst, A Respiratory Complications of Achal- 
asia of the Cardia with Mega-Oesophagus, Guy’s Hosp 
Rep 92 68-73, 1943 
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tion pneumonia, and 2 had paroxysmal coughing 
horn regmgitation of food In the case of the 
tenth sudden death lesulted fiom asphyxia pio- 
duced by obstruction of the glottis with legurgi- 
tated food 

Vines and Olsen describe a 50 yeai old man 
uith caidiospasm who had the typical pictuie 
of pellagia and was cuied by nicotinic acid 
amide The laiit}"- of deficieiic} disease m pa- 
tients AMth esophageal lesions is attiibuted to 
the fact that it seems less likel}^ to develop in 
pel sons with paitial starvation than among per- 
sons vith poorly balanced diets 

Beisack,®° m 227 patients with esophageal cai- 
cmoma. found 1 with associated achalasia of the 
caidia Since dilatation of the cardia may dela} 
the appearance of obstructive symptoms, fre- 
quent esophagoscopies ai e i ecommended for such 
patients Bononno Pero and Coppola report 
the well documented and illustrated case of a 38 
3 ear old voman with megaesophagus for twenty- 
three }ears m vhom a carcinoma of the middle 
of the esophagus finally developed 

Lichstein describes a 50 yeai old white 
woman with an enormous toituous esophagus 
due to cardiospasm foi wdioni medical treatment 
o\er a period of thiee 3 '’eais availed little 
Esophagogasti ostomy w^as performed success- 
fulh with almost complete S3mptomatic lelief 
111 Spite of the fact that the new' stoma did not 
seem to function w'ell, as seen roentgenologicalty 
This discrepanc 3 ' betw'een symptomatic relief and 
the behavior of the new cardia evident by roent- 
genologic examination has been noted b 3 ' otheis 
following surgical tieatment of this type and. 
indeed, is w'ell knowm to exist after medical 
ti eatment, i e , mechanical dilation of the cai dia 
Esophagogastrostom 3 is considered thq tieat- 
ment of choice for patients with cardiospasm 
not responding satisfactorily to dilatation 

Catcmoma — Fleming, in studying 42 cases 
^ of carcinoma of the esophagus, found that when 
the linear involvement exceeded 5 cm thei e was 

38 Vines, R W , and Olsen, A M Cardiospasm 
with Associated Pellagra Report of Case, Proc Staff 
Meet , Mayo Chn 18 389-395, 1943 

39 Bersack, S R Carcinoma of the Esophagus in 
Association with Achalasia of the Cardia, Radiology 
42 220-223, 1944 

40 Bononno Pero, C , and Copppla, J A El 
cancer como comphcacion del megaesofago, Prensa 
med argent 30 2136-2140, 1943 

41 Lichstein, J Cardiospasm Successful Treat- 
ment by Esophagogastrostomy, Am J Digest Dis 
10 271-275, 1943 

\ 42 Fleming, J A C Carcinoma of the Thoracic 

' Esophagus Some Notes on Its Pathology and Spread 
in Relation to Treatment, Brit J Radiol 16 212-216, 
1943 


a material inciease m the metastases, suggesting 
a lOUgh relationship between the size of the 
lesion and the extent of the spiead There w'as 
a high incidence of metastases to the liver Since 
the majoiity of these lesions aie squamous cell 
epitheliomas and such tumors elsewhere lespond 
to iiiadiation therapy, Fleming suggests that 
such therapy might be more effective if a widei 
and shoiter field of radiation were used rather 
than the usual long, narrow field Smithei s,'^= 
on the othei hand, prefei s the long nai row fields 
using SIX poi tals, one antei lor, one posterioi and 
foul oblique Although theie have been no 
startling lesults, the lelief of s 3 ''mptoms has been 
veiy much w'Oith while and palliation can be 
obtained in many cases 

The most significant piogiess in esophageal 
disease has been made in recent years in the 
suigical tieatment of caicinoma, inti actable 
cardiospasm and stiicture Repoits of success- 
ful tiansthoiacic opeiations wnth or without re- 
section of portions of the esophagus and, if indi- 
cated, of the stomach also have now' come from 
man 3 ' countries 

STOMACH 

Aixo) e,\i{i Newosa — Oppenheimei illustrates 
the resemblance in the clinical pictuie of Sim- 
monds’ disease to anorexia nervosa, low' basal 
metabolic rate, low blood sugar level, long dura- 
tion of the s 3 'mptoms, no relief from psychothei- 
apy and yet at autopS3' no abnormalities of the 
pituitary Oppenheimer coiisideis this an in- 
stance of “pseudo Simmonds’s disease,” 14 
similar cases being lepoited in the literature 

43 Smithers, W D The X-Ray Treatment of 
Carcinoma of the Esophagus, Bnt J Radiol 16 317- 
322, 1943 

44 (a) Ferrari, R C El tratamiento quirurgico 

de las enfermedades del esofago, Arch argent de 
enferm d ap digest y de la nuincion 18 651-696, 
1943 (&) Clagett, O T, and Wng, L M Trans- 

thoracic Resection of Esophagus and Stomach for Car- 
cinoma Report of Two Cases, Pioc Staff Meet, Mayo 
Chn 18 337-344, 1943 (c) Steele, G H Carcinoma 

of the Oesophagus, Lancet 2 797-798, 1943 (d) Re- 

sano, J H Cancer del esofago receccion y anasto- 
mosis (los exitos operatorios), Arch argent de enferm 
d ap digest y de la nutncion 19 119-134, 1944 (e) 

Yurasov, E E Reconstruction of Esophagus, Am 
Rev Soviet Med 1 206, 1944 (/) Brea, M M 

Tratamiento quirurgico del cancer del esofago toracico, 
Medicina, Buenos Aires 4.74-86, 1943 (g) Senorans, 

A J Consideraciones sobre patologia del esofago, 
Arch argent de enferm d ap digest y de la nutncion 
18 557-579, 1943 (/i) Gotta, G Radiologia del eso- 
fago, ibid 18 580-607, 1943 (t) Brachetto-Bnan, D 

Patologia del esofago, ibid 18 608-650, 1943 

45 Footnote omitted 

46 Oppenheimer, B S Simmonds’ Disease Versus 
Anorexia Nervosa A Report of a Case with Necropsj' 
Findings, J Mt Sinai Hosp 10 640-650, 1944 
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Pernicious Vomiting of Pregnancy — For 
thirty years Sir Arthur Hurst has been con- 
vinced that the so-called pernicious vomiting 
of pregnancy is always hysterical Fifty or 60 
deaths fiom it are registered in England an- 
nually Most modern textbooks discuss the 
differentiation between the toxic and the nervous 
form of pernicious vomiting of pregnancy Gib- 
berd teaches that in the rare cases m which 
Korsakoff’s syndrome of peripheral neuritis with 
mental symptoms develops the vomiting is toxic 
in origin because of the resemblance of the clin- 
ical and pathologic conditions to those produced 
by alcohol Hurst contends that these are rarely 
the lesults of the associated vitamin D deficiency 
and that there is no qualitative difference 
between the two types A woman of 32 with 
continued vomiting, a pulse rate of 136 and 
pronounced emaciation was told by her father 
that she would have a bad time in pregnane}^ 
as her mother had vomited all the time that 
she was pregnant Hurst explained to her that 
there was no good reason why she must vomit 
after the first six weeks, in which vomiting is 
normal, and that her father’s suggestion was all 
that was needed to lead to her present condition 
In ten minutes he convinced her that she would 
not vomit again Later he i eturned and watched 
her eat buttered toast and tea, which she had 
chosen for her first meal Thei e was no inclina- 
tion to vomit then or at the following supper, 
but she did vomit the next morning She was 
then transferred to a better psychologic environ- 
ment and had no further trouble Eleven months 
after delivery she again became pregnant and 
at once began to vomit so severely that her phy- 
sician discussed termination of the pregnancy 
The vomiting again yielded to psychologic treat- 
ment Hurst thinks that toxemic vomiting of 
pregnancy, apart from that associated with 
eclampsia or acute hepatic necrosis, does not 
occur Jaundice, however, may result from 
hysterical vomiting and disappears rapidly with 
an adequate diet 

Diaphi agmatic Hernia — Bremer studied 

the embryonic development of the diaphragm 
and the different types of diaphragmatic hernia 
Murphy and Hay,^® in an excellent study of 72 
patients with hiatus hernia, found anemia of 

47 Hurst, A , cited, Hysterical Nature of the So- 
Called Pernicious Vomiting of Pregnancy, Foreign 
Letters (London), JAMA 125 223 (May 20) 
1944 

48 Bremer, J L The Diaphragm and Diaphrag- 
matic Hernia, Arch Path 36 539-549 (Dec) 1943 

49 Murphy, W P , and Hay, W E Symptoms 
and Incidence of Anemia m Hernia at the Esophageal 
Hiatus, Arch Int Med 72 58-68 (July) 1943 


different degrees, usually of the hypochromic 
type, in 70 per cent 

Symptoms, according to Turner,'^® may be 
absent Or they may be varied, but they consist 
typically in anginoid pain, worse after meals, 
aggravated by the horizontal position and fre- 
quently accentuated by emotional stress Dis- 
tention of the lower third of the esophagus has 
been shown to produce angmoid pain, pyrosis 
and heartburn In the roentgenologic demon- 
stration of hernia, the Muller maneuver is of 
value Interference with the vascular supply of 
the herniated stomach ma}’- cause congestion of 
the mucosa, gastritis and even peptic ulceration 
The fonnation of fibrous adhesions to the left 
dome of the diaphragm may cause pronounced 
local circulatory embarrassment and even pain 
m the left shoulder Hiatus herniation was 
found on 3 5 per cent of 1,500 examinations of 
the upper part of the gastrointestinal tract 
Hernias are more easily visualized in a slight 
Trendelenburg position The demonstration of 
gastric rugae traversing the hiatus suffices for 
a positive diagnosis Persistently prominent 
rugal folds suggest vascular interfeience in the 
hernia A broadly dilated esophageal hiatus with 
a mobile and distensible herniated portion of the 
stomach and a normal rugal pattern is least often 
connected with symptoms Conversely, a por- 
tion of stomach persistently herniated at the 
hiatus with no mobility, limited distensibihty 
and decided prominence of rugal pattern is most 
likely diiectly productive of symptoms 

Of the many complications coincidental to 
hiatus hernia, total volvulus of the stomach is 
one of the rarest and most serious A left dia- 
phragmatic hernia was reported with attacks 
of pressure, apparently induced as a result of 
conscious or subconscious emotional reactions and 
leheved by spontaneous or induced belching or 
vomiting Volvulus of the distal half of the 
stomach finally resulted, with rotation anteriorly 
and upwards The subsequent incarceration of ’ 
the antrum in the left hernial sac with complete 
kinking of the antrum produced total acute 
gastric obstruction A method of obliterating 
the hernial sac by tamponade was employed 
with apparently good results 

Gastiic Motility — ^Van Liere and Northup 
found that the addition of 500 cc of tap water 

50 Turner, J W Gastric Herniation at the 
Esophageal Hiatus, Am J Roentgenol 50 33-41, 1943 

51 Vorhaus, M G, and Stetten, DeW Volvulus 
and Incarceration of Stomach m a Diaphragmatic 
Hernia with Complete Acute Gastric Obstruction, Gas- 
troenterology 2 307-315, 1944 

52 Van Liere, E J , and Northup, D W The 
Effect of Water Taken with Meals on Gastric Empty- 
ing, Gastroenterology 2 195-200, 1944 
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to a standard 200 cc test meal exeited no appre- 
ciable effect on the gastric emptying time noi did 
the addition of 1,000 cc of water except in 1 
instance 

Significant pi elongation in gastiic emptying 
time was observed by Jacobson and Palmer 
in patients whose peripheial eiythiocyte count 
was belon 1,500,000 Contrary to the general 
belief that gastrointestinal motility is inci eased 
and the passage of material from the stomach 
and through the intestinal tract accelerated in 
pernicious anemia, these functions weie found 
to be normal oi delayed Achlorhydria per se 
does not significantly affect the rate of gastric 
emptying 

A study made by Henschel, Tayloi and Keys 
of the decreased appetite frequently observed in 
hot weather disclosed that the empt 3 nng time is 
actually faster at the higher temperatures 
Twelve of the subjects had an arerage decrease 
of 30 per cent Observations on about 100 nor- 
mal men doing hard rvork at 120 F failed to 
indicate zny lack of appetite or any signs of 
decreased gastric activity except in actual heat 
exhaustion 

Extracts of the urine of patients wnth duodenal 
ulcer and of noimal human males administered 
intravenously inhibit the gastiic motility of 
dogs wnth gastric fistula, the amount requiied 
being three to fiAe times that needed to depress 
gastric secretion ““ The motihty-mhibiting fac- 
tor apears to be distinct from the ulcer preven- 
tion and healing factor 

Hoelzel®° subjected himself to a thirty-three 
and a forty-one day fast m order to study the 
effect on gastric activity of starvation and reah- 
mentation with various types of foodstuffs The 
results are interpreted as being in accord with 
the author’s previous observations on the impor- 
tance of proteins The role of subjective factors 
m such work is difficult for us, the reviewers, 
to appraise 

Twenty-five experiments measuring changes 
m gastric motor activity occurring before and 

53 Jacobson, L O , and Palmer, W L The Effect 
of Anemia on Gastric Emptying, Gastroenterology 1 - 
1133-1140, 1943 

54 Henschel, A , Taylor, H L , and Keys, A 
The Gastric Emptying Time of Man at High and 
Normal Environmental Temperatures, Am J Physiol 
141 205-208, 1944 

55 Bourque, J E, Jr , Friedman, M H F , Pat- 
teison, T, and Sandweiss, D J The Effect of 
Intravenous Injections of Urine Extracts an Gastric 

’ Motility, Gastroenterology 1 1049-1054, 1943 

56 Hoelzel, F An Explanation of Appetite, Am 
J Digest Dis 11 101-108, 1944 


duiing nausea produced by a variety of stimuli 
were earned out by Wolf " on 4 human subjects 
The eailiest change noted was a cessation of 
gastric contraction with a decrease in tone Pro- 
longed or increased stimulation would result in 
nausea, sweating, pallor of the face and gastric 
mucosa and tachycaidia When neostigmine 
hydrobromide, 0015 Gm, and atropine sulfate, 
0012 Gm , were given, vigorous gastric con- 
tractions were produced that persisted m spite 
of stimuli that produced vertigo and nystagmus 
and had previously produced cessation of gastric 
motility Nausea did not occur No predictable 
effect was produced when neostigmine or 
atropine was given alone Nausea occurred only 
during phases of inhibited gastric motility 

Airsickness, seasickness, tramsickness and 
sickness produced by amusement parks are all 
chaiacterized by symptoms related to the gastro- 
intestinal tract Motion sickness was produced 
experimentally in 100 subjects undergoing test- 
ing for a twenty minute period Fluoroscopic 
studies weie made of the gastric tone, the gastric 
peristalsis, the correlation between peiistalsis and 
gastiic tone, pylorospasm, intestinal progress 
and intestinal pattern Twm groups were sepa- 
rated 28 per cent that became sick and 72 per 
cent that were immune No specific type of 
gastiointestmal tract from either an anatomic 
01 a functional standpoint was associated with 
susceptibility to motion sickness A definite de- 
ciease in gastric tone and in peristalsis occurred 
after the motion test in a significant number of 
subjects Changes in gastric tone and in peri- 
stalsis showed a statistically significant positive 
correlation 

A review'' of 86 papers pertaining to the 
action of atropine on the gastrointestinal tiact 
disclosed that while much is known there is real 
need for clarification of the movements of the 
intestines and their response to drugs 

Experiments on a series of 9 trained dogs 
indicate that emotional stress as obtained by 
stimulation of a variety of somatovisceral and 
viscerovisceral reflexes does not result in polyro- 
spasm, as is the prevalent opinion, but rather 
in an inhibition of the entire pyloric sphincter 
region (antrum, sphincter and bulb) Greater 

57 Wolf, S The Relation of Gastric Function to 
Nausea m Man, J Chn Investigation 22*877-882, 1943 

58 McDonough, F E, and Schneider, M The 
Effect of Motion on the Roentgenographic Appearance 
of the Stomach and Small Bowel, Gastroenterology 2. 
32-45, 1944 

59 Henderson, V E, and Sweeten, M O The 
Effect of Atropine on the Gastro-Intestinal Canal and 
Its Glands, Am J Digest Dis 10 241-247, 1943 
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stimulation was lequired to pioduce inhibition 
after supiadiaphiagmatic vagotomy®® 

Functional postoperative vomiting and peii- 
odic vomiting are attributed to spasm of the 
p)doius because the abdomen remains silent as 
long as the vomiting continues and peiistaltic 
sounds lecur within half an hour aftei the fiist 
administration of pbenobarbital (luminal) 

Gastnc Seoehon — The volume of the gastiic 
content was greatly deci eased by both atropine 
sulfate and moipbme sulfate, was unaffected b> 
the sodium salt of debydrocbobc acid and was 
increased both by pilocarpine hydrochloride and 
neostigmine meth} Isulfate The volume of the 
duodenal contents aspirated simultaneous!}’’ was 
deci eased by ati opine sulfate and moiphine sul- 
fate, was piacticall} unchanged bv pilocarpine 
hydrochloride and was inci eased b} neostigmine 
methyl sulfate, the sodium salt of deh}diochohc 
acid and secietin Atropine sulfate i educed the 
amount of acid secreted and entering the duo- 
denum and the buffering value of the duodenal 
contents, but its action on the secretion of acid 
was apparently greater than its action on the 
secretion of bile, the secretion of pancreatic juice 
and the seci etion of the duodenal mucosa 
Morphine sulfate reduced the volume of the 
contents of the stomach and duodenum promptl} 
and markedly Glycer}! trinitrate and am\l 
nitrite did not reduce the duiation of time duiing 
which bile vas not found in the duodenal 
contents ®* 

Although it IS generally believed that pilo- 
carpine injected subcutaneously stimulates the 
mucus cells of the stomach very considerably 
but the paiietal cells to only a slight extent, 
Hollander®® found the opposite to be tiue 

Assays of the histamine activity extractable 
from the mucosa of various regions of the human 
stomach resected for peptic ulcer or carcinoma 
disclosed a yield from the fundic mucosa a^ erag- 
ing 10 2 mg of histamine and 5 8 mg from the 

60 Quigley, J P , Bavor, H J , Read, M R, and 
Brofman, B L Evidence that Body Irritations or 
Emotions Retard Gastric Evacuation, Not by Produc- 
ing Pylorospasm but by Depressing Motihtv, J Clin 
Investigation 22 834-845, 1943 

61 Stevens, N C Functional Vomiting as Inter- 
pietedVby Auscultation of the Abdomen, New England 
J Med 230 753-754, 1944 

62 King, H E , Comfort, M W , and Osterberg, 
A E The Effect of Atropine Sulfate, Pilocarpine 
Hydrochloride, Prostigmine Methylsulfate, Sodium Salt 
of Dehydrocholic Acid and Secretin on the Gastric 
and Duodenal Acid and Duodenal Secretions of Normal 
Persons When Fasting, Am J Digest Dis 11 31-40, 
1944 

63 Hollander, F The Secretion of Gastric Mucus 
and Hydrochloric Acid in Response to Pilocarpine, 
Gastroenterology 2 201-211, 1944 


antral mucosa ®‘ In only 3 cases weie prepaia- 
tions of both fundic and central mucosa made 
from the same stomach, the differences tvere 
too small to be significant Thcie weie no sig- 
nificant diffeiences between the stomachs that 
secreted acid, as in peptic ulcer, and those that 
were achloi hydi ic, as in carcinoma 

Experiments to confirm the pie\iously le- 
ported obseivation that secretagogues aie more 
potent uhen applied to the gastnc mucosa than 
when injected intia\enously apparently shou 
that they do not act by passing directly into the 
blood in an unchanged form but do act eithei 
111 an altered form or by stimulating the elaboia- 
tion of a gastric hoi mone ®® 

Hallenbeck ®® im estigated the efiect of thj - 
mox} eth} Idiethylamine and N-diethylamino- 
ethyl-N-ethylanihne on the normal gastric secre- 
tor} piocess and found that the foimei did not 
inhibit the secretory i espouse of Heidenhain 
pouches to histamine nor significantly alter the 
1 espouse to methyl chloride Both preparations 
inhibited the response to the ingestion of a meat 
meal In an attempt to find the piinciple in 
yeast extract that stimulates gastric secretion, 
compounds known to be present in yeast, in- 
cluding choline chloride, beta alanine, glutathione 
and neurine bromide, u ei e tested ®" Only 
neuiine biomide was definitely active, producing 
an increase in volume and acidit} The increase 
in the first thirty minutes W’as comparable wuth 
that of histamine, but the eftectne dose was 
one hundred and fifty times gi eatei , being 1 5 mg 
pel kilogram The effect of neurine, howevei, 
IS much more prolonged, hence the resj^onse in 
teims of both Aolume and acid was more than 
double that of histamine Nasio ®® studied the 
stimulating effect of priscol (a hydrochloride of 
2-ben7yl-4,5-imida7ohne) on gastric secretion 
and found it to be superioi to caffeine and alcohol 
w'hen given orally and similar to histamine wdien 
given paienterally No local or general reactions 

64 Trach, B , Code, C J , and Wangensteen, O H 
Histamine in Human Gastric Mucosa, Am J Physiol 
141 78-82, 1944 

65 Butler, D B , Hands, A P , and Ivy, A C 
Potency of Liver Extract in Stimulating Gastnc Secre- 
tion by Intravenous Injection and bv Direct Lavage, 
Am J Physiol 139 325-328, 1943 

66 Hallenbeck, G A Studies on the Effect of 
Gastric Secretion in Dogs, Am J Physiol 139 329- 
334, 1943 

67 Williams, E F, Jr , Hoffman, C F, and Nash, 
T P, Jr Stimulation of Gastric Secretion by Neu- 
rme. Am J Physiol 139 364-365, 1943 

68 Nasio, J (a) A New Test for Gastnc Func- 
tion, Rev Gastroenterol 11 174-178, 1944, (b) Una 
nueva prueba funcional gastnea la imidazohna. Arch 
argent de enferm d ap digest y de la nutncion 19 
49-56, 1944 
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weie noted Roth and Iv}'’ confiimed the ob- 
seivation of eaihei investigatoi s that cafteine 
does not stimulate gastnc secietion m the dog 
Howevei, when admniisteied by the intiavenous 
loute 01 by lavage of the stomach cafteme does 
piovoke a copious flow of acid gastiic juice m 
the cat, and when admimsteied intramusculaily 
01 by the oial loute m man it stimulates gastiic 
secietion 

Davenpoit,'® studying the secietion of iodide 
by the gastiic mucosa, concluded that at a plasma 
concenti ation below 3 milhmols pei litei the 
gastiic concenti ation of iodide is gieatei than 
that in the plasma whei eas above 3 milhmols it is 
equal to oi lowei than that m the plasma 

Voiobioft"^ studied the pS3chogenic inhibi- 
tion of gastiic secietion, with appaiently incon- 
clusive results 

By the use of a Coup pouch dog, sodium 
bicarbbnate has been found to mciease the 
volume and the amount of acid in the gastiic 
secietion duiing the houis immediately follow- 
ing the test meals, with a compensatoiy deciease 
during latei houis’’" The feeding of model ate 
doses of aluminum hydroxide gel thiee times 
daily aftei a test meal lesults in no depiession 
of secietoiy activity, either duimg oi aftei the 
administi ation of the antacid’® Occasional m- 
ci eases in volume, total chloiide, total base and 
free acid of the pouch seci etion occui , but in the 
majoiity of expeiiments these inci eases aie too 
small to be significant 

After gasti oentei ostomy and gastiic lesection 
only 37 4 pei cent of 163 patients had a signifi- 
cant reduction in acidity, although 83 4 pei cent 
had satisfactoiy clinical lesults In 75 patients 
who had no significant change m the gastiic 
acidity following gastroenterostomy, 75 pei cent 
nevei theless had satisfactoiy clinical lesults 
Following gastiic lesection the i eduction in acid 
was pi opoi tioiial to the extent of the lesection 

69 Roth, J A , and Ivy, A C The Effect of 
Caffeine upon Gastric Secretion in the Dog, Cat and 
Man, Am J Physiol 141 454-461, 1944 

70 Davenport, H W The Secretion of Iodide by 
the Gastric Mucosa, Gasti oenterology 1 1055-1061, 1943 

71 Vorobioff, S Los tiastornos psicogenos inhibi- 
torios de la secrecion gastrica, Arch argent de enfeim 
d ap digest y de la nutricion 19 166-182, 1944 

72 Adams, W L , Welch, C S, and Clark, B B 
The Effect of Sodium Bicaibonate on Gastric Secre- 
tion, Am J Physiol 139 356-363, 1943 

73 Adams, W L, and Claik, B B The Effect 
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Am J Physiol 141 255-258, 1944 

74 Heuer, G J , and Holman, C The Effect on 
Gastric Acidity of Gastroenterostomy and Gastiic Re- 
section foi Peptic Ulcer, Ann Surg 118 551-557, 
1943 


Howevei, of patients who had less than half the 
stomach lesected only 25 per cent had a reduc- 
tion in acidity and ^ pei cent had satisfactoiy 
clinical lesults In the opinion of Heuei and 
Holman such obseivations do not contioveit 
the etiologic lelationship between acid and ulcei 
but suggest that it may not be woith while to 
puisne the goal of achloihydiia by means of 
largei and larger lesections Pei haps it is bettei 
to accept the limitations of i esection until a bettei 
operation is devised 

Diveision of the entiie duodenal content to 
the stomach does not give effective neutializa- 
tion, buffeiing or dilution of the gastric acidit> 
in eithei the fasting or the digesting state 
Hence the slight and infiequent duodenal le- 
guigitation occui ling noimally can scaicely be 
an essential factor in conti oiling mtiagastiic 
acidity 

Enteiogastione concenti ates admniisteied pai- 
enteially and endogenous enteiogastione pio- 
duced by the presence of fat in the intestine 
pioduce an inhibition of gastiic secietion char- 
acteiized by a model ate deciease in volume and 
acid concenti ation, thus causing a maiked de- 
ciease in acid output’® Pepsin output is model - 
ately depiessed by enteiogastione m the absence 
of vagal influences 

Secretagogues do not act solely by absoiption 
into the blood but cause the lelease of a hoimonal 
gastric secietory agent The peptic secretoiy 
1 espouse of a tiansplanted pouch to the hoimonal 
stimulus of livei extiact intioduced into the 
stomach was not sufficient to cause a pionounced 
stimulation of pepsin secietion ” The results 
aie inteipieted as peimitting the assumption 
that histamine could be the hoimonal agent 
lesponsible foi the secretion of pepsin 

Sodium alkyl sulfate deci eases the peptic 
activity of the gastiic contents in man when ad- 
ministeied m adequate doses m conjunction with 
a diet low m lipids The pepsin-inactivating 
action of sodium alkjd sulfate is inhibited in vitro 
by Cl earn, butter, lecithin, gtyceim and esteis 

75 Kesavalu, A , and Mann, F C The Influence 
of Duodenal Contents on Intragastnc Aciditj An 
Expel imental Study, Suigery 14 578-587, 1943 Braith- 
waite, L R The Role of Bile m Duodenal Regur- 
gitation, Bnt J Surg 31 3-13, 1943 
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R , and Ivv, A C Pepsin Secretion and Entero- 
gastrone, Am J Physiol 141 281-288, 1944 
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L B, and Kleiner, I S The Clinical Significance 
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of fatty acids with carbon chains of varying 
lengths 

After implantation in the stomach of a pedicle 
graft of the jejunal wall, a reversal of the nor- 
mal secretory response to histamine was found 
in 4 of 5 dogs and a marked i eduction in the 
fifth The changes occurred within forty-five 
minutes and persisted at least four months 
In 2 animals aftei the transplant was resected 
the reaction to histamine returned to normal 
within one hour, though m 1 the fasting pn re- 
mained slightly higher than before the ti ansplant 
was made In 5 of 6 dogs gastioenterostomy 
failed to prevent a marked diminution of the aver- 
age />ii of the mucosa following the injection of 
histamine, but aftei conversion of the gastroen- 
terostomy to a jejunal graft the noimal response 
to histamine was leveised in all 6 dogs Trans- 
plants from the ileum and transverse colon were 
without effect in influencing the pn of the gastric 
mucosa after administration of histamine, 
whereas after tiansplants from the duodenum 
and jejunum the p^ of the mucosa after hista- 
mine rose significant!) The effect was some- 
what more pronounced in the jejunal grafts than 
It was in the duodenal When 25 cc of saline 
washings of isolated jejunal loops were instilled 
into the stomachs of normal dogs and withdrawn 
after ten minutes, there followed a marked de- 
pression in the normal response of the gastric 
acidity to histamine, suggesting an inhibitory 
substance m the jejunal mucosa®^ In tivo later 
papers these observations were amplified The 
rationale of these procedures is very difficult for 
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& Med 54' 11-13, 1943 
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the reviewers to understand Teleologically 
there seems no reason to expect gastric secietion 
to be modified by an extefnal secretion of the 
intestine Ivy has repeated and extended the 
work described by Andrus and his co-workers 
and has not been able to confirm it Conse- 
quently, final appraisal must be withheld until 
further studies are made 

Gastroscopy — Schindler,®® considering it es- 
sential to claiify the gastroscopic criteria of 
hypertrophic and atrophic gastritis, refutes the 
statements of Ruffin in 1940 that the character- 
istic signs of hypertrophic gastritis are influenced 
by inflation, shows that the role of inflation has 
been well studied and concludes that its effect 
on the folds cannot be used as evidence of gas- 
tritis The prolonged vascular engorgement of 
rugae, causing them to become “intensely red, 
thick, and turgid,” as produced by Wolf and Wolff 
experimentally, is not the picture of hypertrophic 
gastritis as it is seen gastroscopically The 
gastroscopic criteria for both hypertrophic and 
atrophic gastritis are restated In commenting 
on this paper Ruffin (page 363) raises the ques- 
tion of the gastroscopic appearance of the normal 
stomach, the effect of emotion and the clinical 
significance of the changes observed 

Renshaw,®® considering the roentgenologic and 
gastroscopic examinations as supplemental and 
complemental rathei than competitive, reviews 
their relative roles in 938 examinations on 842 
patients The gastroscopic examination was of 
primary value in the diagnosis for 25 6 per cent 
For 17 7 per cent the diagnosis was established 
by gastroscopy when the roentgenogram was 
indeterminate, and for 7 9 per cent disease ivas 
excluded by gastroscopy when the roentgen- 
ogram was indeteiminate Gastioscopy was of 
secondary value for 55 4 per cent of the patients 
in that it merely confirmed the diagnosis alread) 
made or demonstrated an additional and minor 
condition Gastroscopic examination was value- 
less for 19 per cent of the patients for various 
reasons, the most common being inability to 
visualize the area in question The gastroscopic 
“blind areas” may be constant or inconstant, 
hence repetition of the gastroscopic examinations 
may be of as much value as repetition of the 
roentgen ray examinations The accuracy on the 

84 Ivy, A C Personal communication to the 
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fiist examination of the loentgenologic and the 
gastioscopic diagnosis for 170 patients is com- 
pared For 109 patients, 64 1 pei cent, the two 
methods were m agreement For 15 the first 
loentgenologic examination was conect and the 
gastroscopic mdeteiminate For 23 patients the 
gasti oscopist made the fiist diagnosis Theie 
^^ere 14 patients foi whom both methods weie 
mdeteiminate and 9 patients, 5 3 per cent, foi 
whom both weie mcoriect Five per cent of 
gastric caicmomas are not detected by roentgen- 
ologic examination, and benign ulcers not pene- 
tiating the mucosa likewise escape detection®' 
Persistent spasm of the antium taxes the diag- 
nostic acumen of the i oentgenologist more than 
any othei condition A patient considered loent- 
genologically to have a neoplasm of the antrum 
vith metastasis to the right lung was shown 
gastroscopically to have a normal stomach The 
pulmonary lesion was then diagnosed as a tuber- 
culoma The patient lemained well foi over 
three years Benedict,®® in a critical review of 
gastroscop 3 % expresses the opinion that exami- 
nation of the stomach should be done befoie 
gastroscopy Pieison and Pack®® recommend 
the vertical position of the patient for gastro- 
scopic examination because it seems to peimit 
better visualization of the fundus and cardia and 
hence may help to disclose more of the early 
resectable lesions 

Rafslcy combined gastrophotographic studies 
in natural colors with gastroscopy m the exami- 
nation of 41 patients For 26 of the 41 patients 
the gasti ophotographic findings corresponded 
uith the endoscopic findings, but for the other 
15 the gastrophotographs did* not record the 
endoscopic findings For 11 the photographs 
were bluried because of mucus m the stomach 
For 4 the gastric wall was clearly outlined, but 
the lesion was not visualized because the patient 
moved or the depth to which the instrument was 
inserted was miscalculated The combined 
examination was considered helpful in the differ- 
ential diagnosis of benign and of malignant' 
lesions of the stomach, as the contrast on the 
photographs' was distinct Gastrophotography 
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served as a check on gastroscopy by fuinishmg 
a permanent record 

GasU itis — Schindler studied the corre- 
spondence between the gastroscopic findings and 
the histologic structure of the stomach obtained 
by biopsies and resections The suiface epi- 
thelium of the stomach in the normal state is 
carefully described, as well as that in chionic 
superficial gastritis, ati ophic gastritis and hyper- 
trophic gastritis Two kinds of metaplasia were 
found in atrophic gasti itis (1) the metaplasia of 
the epithelium of the surface and of the pits into 
an intestinal type and (2) the metaplasia of the 
true body glands into a pyloiic type of mucus- 
forming glands In the hypertrophic form of 
gastritis, Schindler found the mucosa to be thick- 
ened by interstitial infiltration, by extensive pio- 
liferation of the suiface epithelium oi by an enor- 
mous increase of the glandular apparatus Gitlitz 
and Colp undertook to determine whether any 
histologic alteiations occurred in the wall of the 
stomach during resection by making a biopsy at 
the beginning of the operation and comparing it 
with the resected specimen No changes of sig- 
nificance were observed m 35 such observations 

Atrophic gastritis may be a deficiency state, 
particularly of the vitamin B complex ®® The 
results of treatment of 5 patients with large doses 
of thiamine hydrochloride, nicotinamide, ribo- 
flavin, pantothenic acid, paraaminobenzoic acid 
and vitamin A aie desciibed No significant 
changes in the gastric mucosa as determined by 
gastroscopic examination were seen, although in 
2 of the 5 patients disappearance of the atrophic 
changes was noted when treatment with choline 
chloride was given Furthei observation will be 
required to evaluate the effect of choline Layne 
and Carey pioduced black tongue nine times 
in 5 dogs by means of the Goldberger diet 
Severe inflammation of the mucosa of the mouth 
was not accompanied with similar changes in 
the gastric mucosa or with significant change 
in the gastric secretion Mild hyperemia of the 
mucosa and decreased tonus were observed early 
m the expel iment Pallor then developed m all 
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233-249, 1944 

92 Gitlitz, A J , and Colp, R Gastric Histology 
and Subtotal Gastrectomy, Ann Surg 118 S23-S50, 
1943 

93 Shapiro, N , Schiff, L , Bloch, H S , Garber, 
E S , and Hannaher, M J Some Observations on 
Specific Vitamins and Atrophic Gastritis, Gastroenter- 
ology 2 121-132, 1944 

94 Layne, J A, and Carey, J B The Effect of 
a Blacktongue-Producing Diet upon the Endoscopic 
Appearance bf the Gastric Mucosa in the Dog, Gastro- 
enterology 2 133-137, 1944 



262 


ARCHIVES OF INTERNAL MEDICINE 


except 1 of the animals, but there was no chai- 
actenstic gioss or microscopic alteration 

Gordon reviews the problem of con elation 
between symptoms and findings m gastritis, in- 
dicates the wide vaiiety of opinions experienced 
and repoi ts on his oivn senes of 78 patients with 
gastritis, 15 with the hypertiophic type, 8 wnth 
the superficial and atrophic, 41 with the super- 
ficial and 14 wnth the atrophic Five types of 
symptoms w^ei e noted acute attacks of pain with 
01 without hemoirhage, a s}ndrome lesembhng 
peptic ulcer, early postprandial distiess, a syn- 
drome of constitutional inferiority and a S)m- 
drome resembling piimaiy anemia Gordon 
thinks there aie two fairly distinct gastroscopic 
and clinical entities hypertiophic gastritis, w’lth 
symptoms resembling those of peptic ulcci, and 
atrophic oi supeificial gastritis, with symptoms 
of geneial w^eakness, numbness and tingling, 
frequent soreness of the mouth and often 
achlorh} dria 

Biowne and McHard 3 ^°® m evaluating the 
cases in which a subtotal gastrectomy fails to 
leveal digestne distiess, emphasize the impoi- 
tance of gastioscopic examination as the onl} 
satisfactoiy method of stud) mg the gastiic 
mucosa and of making a diagnosis of postopcia- 
tive gastritis The therapeutic regimen sug- 
gested consists of a high protein, i datively bland 
diet approximating 4,000 caloiies a day supple- 
mented by the parenteial administration of vita- 
mins B and C and liver extiact, togethei with 
the use of aluminum hydroxide and an anti- 
spasmodic 

Annis perfoimed gastioscopic examination 
on 276 of 2,142 patients wnth gastrointestinal dis- 
ease seen at Camp Blandmg, Floi ida, and found 
some form of gastiitis in 109 (39 5 pei cent), 
hj'pertrophic changes, in 52 , supei ficial changes 
in 44, and atrophic changes, in 13 The obseived 
gastroscopic change did not correspond wnth any 
definite clinical history The diagnosis of psy- 
choneurosis w'^as made by the psychiatrist much 
more commonly for persons with chronic d 3 'spep- 
sia with a normal gastiic mucosa than foi persons 
wuth gastritis Theiapy was not of definite A^alue, 
as judged either by the clinical course oi b 3 ’^ the 
results of gastroscopic examination Annis is 
convinced "that the patient wnth chionic gastiitis 
IS likely to be a military disability Indeed it 
IS hard to think of a foim of chronic d 3 ''spepsia, 

95 Gordon, W The Symptoms Associated with 
Chrome Gastritis, Gastroenterology 1 1013-1021, 1943 

96 Browme, D C , and McHardy, G Postgastrec- 
tomy Gastritis, Ann Int Med 20 789-792, 1944 
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01 game or functional, which does not prevent 
the individual from becoming an effective field 
soldier” Guyer compaied the loentgenologic 
and gastroscopic findings on 200 consecutive 
d 3 ^speptic soldiers in the British Aimy The 
roentgenologic analysis W'as as follows noimal, 
73 5 per cent , duodenal ulcer, 8 5 pei cent , 
duodenitis, 7 5 per cent , gastric ulcei , 3 5 pei 
cent , gastritis, 2 5 per cent , othei findings, 4 5 
per cent The gastroscopic analysis yielded the 
follownng lesults normal, 47 per cent, gastritis 
(all types), 44 per cent, gastric ulcer, 3 5 per 
cent , healed gastric ulcei , 4 5 per cent , adenoma, 
0 5 pel cent In an analysis of 61 cases of gas- 
liilis It w’as found that in 29 5 pei cent the 
disease w as of the mild supei ficial type , in 45 9 
per cent, of the severe active superficial type , in 
19 6 per cent, of the atrophic t 3 'pe, and m 46 
pci cent, of the h3q5ertrophic type It was very 
noticeable that nearly' all the patients said they had 
suffered from dyspepsia m civil life but had been 
able to cairy' on wnth their occupations as long 
as they' were in a position to have the type ot 
diet which suited their indnidiial requirements 
Alkalis had been prescribed medically ot had 
been purchased spontaneously by practically 
every one Sy'mptoms were uniform, consisting 
of a complaint of indefinite epigastiic pain, gen- 
erally after meals, iehc\ed by vomiting The 
striking featuie in all cases w'as the poor mental 
outlook and the state of general depression w'lth 
complaints of w'cakness, headaches and inability 
to compete with others during their military 
training 

Feldman”'’ repoi ts a most unusual case ot 
hypertrophic gakntis with giant gastric rugae 
producing a filling defect suggestive of cai cinoina 
roentgenologically' 

A fatality occuried after use of tetracaine 
hy'drochloride (2 per cent) as an anesthetic 
gargle in pieparation for gastioscopic procedures 
on a patient with carcinoma of the esophagus 
and extensive metastases to the livei 

Hypei ij opine Pylotic Stenosis — Two cases of 
hypei trophic py'lonc stenosis aie jepoited be- 
cause of the raiity of the condition in adults and 
because of the possibility that psychogenic fac- 
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tois may play an etiologic lole Both patients 
were aggiessive, ambitious and diiving, and both 
were beset by social and financial problems 
When confionted with distressing situations 
which would aiouse anxiety in a noimal person, 
both of them weie conscious of somatic distiess 
The patients gave a comparatively biief ulcei- 
hke histoiy with symptoms of partial pyloric 
obstruction Gastiic lesection was done on both 
because caicmoma could not be excluded Patho- 
logic examination disclosed hypeiti opine muscle 
and mfiltiation of the stomach with plasma cells 
suggesting gastritis although the gastroscopic 
examination levealed nothing abnormal Wake- 
field desci ibes the case of a 52 year old white 
man with painless nausea and vomiting foi tliiity 
3 ^eai s until cured by resection of a hypei trophied 
pyloius Vance gives a brief but comprehen- 
sive revien of 27 cases of congenital pjdoiic 
stenosis 

Fo)eign Bodies — Benedict lepoits on a 3 
year old giil who swallowed an open safety pm 
and then, while awaiting operation, vomited the 
pm Jenkins describes a soldiei who had 
vague biliary symptoms of only thirty-six houis’ 
duration At operation a gangrenous, perfoiated 
gallbladder impacted with over 200 stones, com- 
plete fibrous obliteration of the cystic and common 
bile ducts, fibi ous obliteration of the distal portion 
of the hepatic duct and geneial peritonitis weie 
found After complete postoperative recovery, 
the hepaticogastric fistula was demonstrated 
roentgenographically two months latei 

Syphilis — A case of well pioved extensive 
secondary syphilis is notewoithy primarily be- 
cause of the gastroscopic studies “The mucosa 
was hypei emic and edematous throughout Thei e 
Mere numerous submucosal hemoiihages of all 
sizes and shapes A few superficial erosions 
were seen and there was much adherent mucus 
The impression was that of a chionic supeificial 
gastritis ” A month latei “no mucosal hemoi - 
rhages were seen The anterioi and posteiioi 
wall togethei with the lessei and gieatei cuiva- 
tures presented a dull mucosa This dullness 
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was patchy On the anteiior wall of the bod^ 
of the stomach the mucosa presented a patchy, 
giay, thin appeal ance, and some laige submucosal 
blood vessels were visible The chronic supei- 
ficial gastiitis was present at this time” Un- 
fortunately, a later examination was not possible 
The evidence that the changes noted wei e due to 
syphilis is pi esumptive 

Achnomycosis — Sheaibuin^”' lepoits pioved 
actinomycosis of the stomach with duodenal ulcei 
asymptomatic for eighteen months It is the 
only case found m the literature in which the 
patient lived moie than one year aftei operation 
A case of subphrenic actinomycotic abscess with 
peisistent infection is also leported and pre- 
sumed to be the result of actinomycotic infection 
lesultmg fiom peifoiation of a peptic ulcei In 
neither case was it possible to prove whethei 
the mycosis was the primary cause of the ulcei 
01 whether there was a secondaiy mvadei 

Fibi osis — Under the heading of gastric fibrosis 
involving the duodenum, Silveiman and Fiied- 
man desci ibe the case of a 40 year old white 
man who complained of intermittent pain in the 
epigastric area foi fourteen years, with peiiods 
of remission, the epigastric pain was sharp, 
occasionally radiating to the infi acapsular area 
bilaterally and to the midline on the same level , 
sometimes it was so severe that it awakened him 
at night Ingestion of food leheved the pain for 
about an hour The i oentgenologic examination 
showed what appeared to be a polyp in the 
duodenal cap and a moie iriegular filling defect 
in the fiist poition of the duodenum, the walls 
of which weie extrinsically smooth and well 
rounded Gastric resection was pei formed On 
microscopic examination extensive fibiosis of 
the submucosa was found, extending between 
the muscle bundles and including the subseiosal 
surface of the stomach No malignant cells weie 
identified The case is piesented as an instance 
of localized fibi osis of the stomach and duodenum 
The history, however, is that of peptic ulcei , 
the photographs suggest the piesence of a de- 
foimity of the ulcei type at the junction of the 
fiist and second poitions of the duodenum, at 
operation “a stellate scai w'as found on the 
anterior suiface of the duodenum” thought to 
be the site of an old ulcei, and hence one won- 
ders if the fibrosis may not have been secondan 
to a duodenal ulcei or, perhaps, to additional 
healed gastiic ulcei s 
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Swgety foi Functional Distwhances — Sub- 
total gastrectomy was done m 1 case and resec- 
tion of the ascending colon in another by Strel- 
inger for gastrointestinal disease of uncertain 
nature, with the argument that in exceptional 
circumstances such a proceduie is justifiable 
The cases presented are not convincing 

PEPTIC ULCER 

Historical — Goldstein gives an inteiesting 
and well illustrated account of ulcer and cancel 
in the Middle Ages 

Incidence — Tidy studied the crude death 
lates duiing the period 1912 to 1938 for peptic 
ulcer in various districts m the British Isles and 
found little or no rise in the years between 1912 
and 1920, a rapid rise between 1921 and 1930 and 
no further rise between 1930 and 1938 

Etiology — Davidoff reports 12 more cases 
of coexistent lesions of the central nervous sys- 
tem and the gastrointestinal tract 

In a discussion of the pathologic physiolog}' 
of gastric and duodenal ulcer, Shay presents 
the results of a thorough study made by him 
and his associates of the gastric, motor and 
secretory functions in normal human subjects 
and in patients with peptic ulcer, emphasizing 
the role of local gastric and duodenal mechanisms 
The introduction into the duodenum of hydro- 
chloric acid, hypertonic saline solution, hyper- 
tonic dextrose solution, olive oil and cream 
inhibited gastric secretion These results are 
more pronounced in normal persons and in per- 
sons with healed duodenal ulcer than in patients 
with active ulcer, thus leading Shay to suggest 
that the return of gastric motor and secretory 
functions to normal is probably the only reliable 
criterion of healing in a duodenal ulcer The 
therapeutic value of milk and cream in the ulcer 
diet probably rests in part on the inhibitory effect 
of fat Glaessner,^^^ on the basis of the stimula- 
tion of gastric inhibitory secretion by insulin and 
the inhibition of gastric secretion lesulting from 
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the injection of dextrose into the duodenum oi 
jejunum, argues for a very important connection 
between gastric secietion and blood sugar in 
which hepatic function plays an impoitant role 
He interprets the rarity of peptic ulcer (0 25 per 
cent) in diabetic persons and the frequency of 
achloihydria (33 3 per cent) as further evidence 
The mechanism of the stimulation of the gastric 
secietion by insulin is not clear, but the inhibition 
from the intraduodenal administration of dex- 
tiose IS apparently that elaborated by Shay 

McHai dy and Browne report 2 cases of 
duodenal ulcei developing apparently after so- 
called “histamine desensitization” and thought 
to afford clinical confirmation of the experi- -> 
mental production of peptic ulcer with histamine 
This IS in contrast to Horton’s report of healing 
dui mg the pi ocess of “desensitization ’’ McHardy 
and Browne consider Horton’s evidence insuffi- 
cient and more than offset by the 2 cases de- 
scribed by them 

The same authors describe a pair of identical 
twins in whom duodenal ulcer developed at 
identical periods in their lives This obser- 
vation IS thought to add weight to the theorj 
of “constitutional predisposition ’’ Bearing on 
this same topic is the repoit^^^ of a familial 
historj' of digestive disease m 340 (21 8 per 
cent) of 1,617 patients with duodenal ulcer and 
636 patients with gastric ulcei, from which it is 
concluded that there is no familial predisposition 
in the localization of peptic ulcer Boros, on 
the other hand, argues for a constitutional pre- 
disposing factor because of a family of eleven 
children in which the mother, four of the nine 
sons and one of the two daughters all had ulcer 
with massive hemorrhage, as did the daughter 
of the eldest son In the opinion of the review- 
ers, papers of this type would be improved by a 
study such as Barnett’s statistical analysis of 
the familial incidence of anacidity 

The diets of 16 patients with chronic ulcer ^ 
were found to be poorly balanced and deficient 
in food energy value as ivell as in thiamine and 
ascorbic acid 
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Collins made a detailed study of gastric 
glands in 13 surgically lesected stomachs De- 
geneiation, necrosis and lepair weie observed in 
stages of giadually increasing severity and mag- 
nitude, suggesting a single disease process The 
most minimal changes wei e scattei ed glands lined 
with epithelial cells not dilfei entiated into chief 
and paiietal cells, together with scattered glands 
containing cells undei going a piocess of vacuolar 
degeneiation These changes weie thought to be 
compatible with the normal process of degenera- 
tion and repair Degeneration was sometimes 
associated with infiltration of polymoiphonuclear 
leukocytes, peihaps involving a numbei of ad- 
jacent glands and resulting in focal necrosis The 
most advanced stage was ulceration and scai ring 
involving all the layeis of the stomach When 
the degeneiation was ovei whelming and the re- 
pair inadequate, peptic ulcer resulted When the 
degeneration was long continued with exhaustion 
of the germinal epithelial cells, ati opine gastiitis 
resulted The paper is reminiscent of eailiei 
workers in this country and abroad, notably those 
of Konjetzny and Puhl 

NedzeD^- consideis the "spasm theory” of 
peptic ulcer to be the most logical one to explain 
the periodicity of the lesion Experiments con- 
sisting of the administration of a single injection 
or repeated injections of pitressm intravenously 
were made on 62 dogs Negative lesults weie 
obtained in 39 (63 per cent) and positive results 
in 23 (37 per cent) The lattei group showed 
lesions of the stomach and duodenum ranging 
from a small erosion to a large ulcer Direct 
observation through an incision of the abdomen 
and stomach to observe the effect of the pitressm 
disclosed contraction of the stomach and the 
formation of petechial hemoiihages “For about 
thirty to forty-five minutes, especially after two 
or three injections of pitressm, the small hemor- 
rhages definitely began to i esemble small erosions 
and the mucosa became hyperemic with the folds 
disappearing ” 

In a further study, Lord, Andrus and Stefko 
used the histamine and beeswax technic for 
the production of peptic ulcer In 2 normal 
control dogs given 120 mg of histamine daily for 
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thirty days multiple erosions of the duodenum 
developed, whereas 2 dogs with jejunal trans- 
plants similarly treated were found at necropsy 
to have normal gastrointestinal tracts Six nor- 
mal dogs and 1 with a jejunal transplant weie 
then given histamine daily and observed foi 
seven weeks In all the 6 noi mal dogs hyperemia 
of the duodenum developed, in 3, ulceiations 
extending into the muscularis, and m 3, multiple 
erosions The dog with the jejunal transplant 
was found at autopsy aftei the seven weeks to 
have a normal stomach and duodenum One 
of the animals given histamine began to have 
tairy stools on the eighth day and was operated 
on on the twelfth day A duodenotomy disclosed 
several punctate erosions A jejunal transplant 
to the stomach was carried out On the twenty- 
sixth postoperative day autopsy revealed a noi- 
mal gastric and duodenal mucosa, even though 
the daily administrations of histamine had been 
continued The lesions produced m the control 
animals do not appear to the reviewers to have 
been of a magnitude comparable with those pro- 
duced by others using this technic Hence the 
influence of the jejunal transplant is difficult to 
assess Furthermore, as mentioned earlier, Ivy 
has not been able to confirm the alleged inhibitory 
effect of jejunal transplants on gastric secretion 

Ivy, ^24 discussing recent experimental devel- 
opments pertaining to the clinical management of 
peptic ulcer, reports on pyrogen-free prepara- 
tions of enterogastrone which prevented the 
development of peptic ulcer in Mann-Williamson 
dogs Furthermore, the animals failed to have 
ulcer for at least one year after treatment was 
discontinued The enterogastrone preparation 
does not depress the gastiic secretion of acid oi 
pepsin in response to an alcohol test meal, 
although it does greatly reduce the excessive 
continued fasting secretion Ivy advances the 
hypothesis that enterogastrone increases the re- 
sistance of the jejunal mucosa to ulceration In 
15 patients with two or more recurrences of 
peptic ulcer annually, palliative results were ob- 
tained by the administration of the enterogastrone 
preparation Sandweiss similarly reports that 
the principle in urine described by him as pos- 
sessing prophylactic and therapeutic properties 
against Mann-Williamson ulcers immunizes 
against the formation of ulcer In 6 Mann- 
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Williamson dogs given inti amuscular injections 
of from 1 to 5 mg of the antiulcer substance 
(not urogastrone) in normal human urine daily 
for a period of one year or longer ulceis failed 
to de\ elop eleven months aftei therapy was with- 
diawn (1 mg repiesented 60 cc of mine) 
This IS interpreted as a long-standing immunity 
not due to depression of gastric secietion The 
name “anthelone” (Greek di-rt against, ?/Uo5 
ulcer) IS proposed for the substance described in 
ordei to differentiate it from the urogastrone 
factor, -which does inhibit gastiic secietion and 
motility This approach to the problem of the 
therapy of peptic iilcei is intiiguing in its 
possibilities, and hence the results of fuithei 
study are eagerly awaited 

Tiaiima — Fowler^-® estimates the incidence 
of primary ulcer resulting fiom a single blunt 
trauma at 0 6 per cent and presents 9 litigated 
cases in which peptic ulcer allegedly was due to 
trauma The verdicts were equally divided, ^\lth 
1 compromise In the opinion of Fowler theie 
are a few cases in which fiesh lesions revealed at 
operation or autopsy may undeniably be of pri- 
mary traumatic origin, but more frequently such 
an origin cannot be proved Furthermore, a pre- 
existing ulcer may be reactivated by direct ab- 
dominal trauma or indirectly by neurosis result- 
ing from the injury Kinmonth ’*’ repoits the 
interesting case of a IS year old boy crushed 
between two wagons who at operation was found 
to have a laceration 3 cm long m the anteiioi 
wall of the stomach involving the seromuscular 
layers only, and half a pint (0 25 liter) of blood 
m the left mfracohc compartment due to a com- 
plete tear in the mesentery of the small intestine 
The patient three weeks later had melena and 
hematemesis At the second operation an ulcei 
somewhat larger than a sixpence was found in 
the center of the site of the injui}'- with several 
small bleeding vessels m the floor of the ulcer 

Roentgenology — Feldman,^-® in discussing the 
pioblem of the roentgenoligic diagnosis of duo- 
denal ulcer in inductees, stresses the eaily 
mucosal changes Borman,^*® commenting on 
the infrequency of peptic ulcei in the descending 
duodenum and the rarity with which it is diag- 
nosed roentgenologically, attributes the erior of 
the roentgenologist to inadequate study of the 
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d lodenum and to failure m diflerentiating the 
lesion from divei ticulums oi bautim sulfate re- 
tained m the lateial recess of a deformed duodenal 
bulb Seven cases are reported of active ulcei 
in the upper descending duodenum, located on 
the upper and innei margin of the descending 
duodenum usually just below the superior flex- 
ure, with secondary spasm, mucosal distortion 
and medial reti action of the adjacent upper de- 
scending duodenum Hemori hage was a promi- 
nent featuie in 6 of the cases and nocturnal 
pain in 4 Kahlsti om reports a duodenal 

ulcer measuiing 5 by 4 cm at autopsy Two 
interesting cases of benign ulcei with de- 
cided shortening of the lessei curvature of the 
stomach aie described Preiss reports a 
benign ulcer of the greater curvature, with ex- 
cellent roentgenogi ams and histologic confirma- 
tion , Senorans describes a similar lesion 
observed gastroscopically and roentgenologically 
ovci a period of nine months, wuth complete 
healing 

Illustrating the variety of disease seen in 
one person, Moreno reports the case of a 55 
jear old man w'lth pulmonary and laryngeal 
tubeiculosis who had had a tuberculoma of the 
cecum removed , eleven years later carcinoma of 
the flexure followed Three years later a benign 
gastric ulcer with gastiitis developed 

Tieatmenl — Poitis^'’^ discusses the clinical 
significance of emotional distiii bailees as well as 
organic factors in the development of gastiitis, 
duodenal inflation and duodenal ulcer and urges 
evaluation of both the somatic and the psycho- 
logic factors in then treatment Bolen,^®® in a 
study of 40 patients, emphasizes the importance 
of relieving emotional stress and hence concludes 
that mental anxiety and strain play an important 
lole in the causation of peptic ulcei Winkel- 
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stem/®' m leviewmg the vanous tieatments of 
peptic ulcei, lates the continuous mtiagastiic 
drip of milk and soda as the best type of medical 
theiapy and paitial gastiectomy combined with 
vagotomy as the most valuable form of surgical 
tieatraent Diiscoll and Aaion^®® present a 
senes of 100 cases of peptic ulcei treated by 
foul teen diffeient acceptable methods Relief 
was obtained in 81 of the 100 cases Hence the 
conclusion was i cached that except for cases of 
complicated oi mti actable ulcer any treatment 
will give lesults piovided it is followed intelli- 
gently “Successful tieatment depends upon co- 
opeiation of the physigian and the patient, and 
the conti oI of gasti ic acidity by diet and antacids ” 
The m situ action of the antacids was studied 
m 17 patients with duodenal ulcer by means of 
intubation of the fiist poition of the duodenum, 
and it was found that while the oial administra- 
tion of an antacid in the usual theiapeutic dose 
does reduce the acidity of the contents of the fit st 
part of the duodenum the reduction is neithei 
great noi long lasting and may be followed by a 
lebound inciease 

Demole and Guye used the synthetic adienal 
substance desoxycoi ticosterone in the tieatment 
of about 40 patients with ulcer Pam disappeaied 
aftei the second or third injection, even m patients 
who had been resistant to ordinal y treatment 
The chaiacteiistic i oentgenologic appearance was 
completely altered in fifteen oi moie days Only 
1 of the patients failed to respond The late re- 
sults of desoxycorticosterone theiapy were not 
so favorable as the immediate effects, pai ticularly 
in case of chi onic ulcer There was only 1 with 
permanent lesult among 11 patients with old 
ulcers Of 10 patients who had the ulcer foi 
less than a yeai, 8 were peimanently cured In 
general, a i elapse followed after from four to ten 
months m more than half of the patients 

Metz and Lackey i eport “satisfactory clini- 
cal results” in 74 per cent of 418 unselected 
patients with uncomplicated peptic ulcer tieated 
with mtianasal msuffiation or desiccated pos- 
terior pituitary powder as a supplement to 
“rational medical management ” 
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Fogelson and Shoch have studied the tieat- 
ment of gastroduodenal ulcei ative disease with 
sodium alkyl sulfate, with the thought that in- 
activation of pepsin rather than alteiation of 
gasti IC acidity might permit healing of the ulcei 
Of the numeious substances belonging to the 
large gioup of detergents investigated foi their 
ability to inhibit peptic activity m dilute concen- 
tration without altering acidity, sodium alkyl 
sulfate was found to be one of the most eftective 
and most available When this substance uas 
fed at mteivals of ten houis m doses of 0 1 Gm 
to dogs given daily injections of histamine and 
beeswax, the suivival time of the dogs was pro- 
longed to well over two bundled days m approxi- 
mately half of the animals This suivival peiiod 
was attiibuted to inactivation of the pepsin As 
a conti ol the authors accepted the obseivation of 
otheis that the survival period of such dogs is 
not over thirty days Sodium alltyl sulfate was 
shown to be nontoxic to dogs when given m 
doses of 2 Gm a day for ten months and when 
given to human beings in a dose of 1 Gm daily 
for eight weeks The clinical study consisted in 
the administration of sodium alkyl sulfate in 
doses of 02 Gm apparently at houily intervals 
although not specifically stated In a senes of 
34 patients with ulcer consideied “inti actable,” 
theie weie 26 who had satisfactoiy lesults and 8 
foi whom failure lesulted “In most of the 
patients responding to sodium alkyl sulfate there 
was maiked impiovement within ten days al- 
though no result was classified as a failure until 
the treatment had been given a thirty day trial ” 

Steigmann and Maiks weie unable to con- 
firm the alleged lowering of peptic activit}- in 
the piesence of an unalteied pH The antacids 
calcium carbonate, aluminum hydi oxide and 
magnesium hydroxide caused a more pronounced 
inhibition than did the detergent The clinical 
use of sodium lauryl sulfate failed to reveal any 
superiority over the other medications used The 
pepsm-inactivating action of sodium alltyl sulfate 
IS inhibited in vitio by cieam, butter, lecithin, 
glycerin and esters of fatty acids with carbon 
chains of varying length Kirsner and Wolff 

142 Fogelson, S J, and Shock, D E Treatment 
of Gastroduodenal Ulcerative Disease with Sodium 
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143 Steigmann, F, and Marks, A R Inhibition of 
Peptic Activity in the Treatment of Peptic Ulcer, Am J 
Digest Dis 11 173-178, 1944 

144 Kirsner, J B , and Wolff, R A Effect of 
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145 Kirsner, J B , and Wolff, R A Effect in Vitro 
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in further m vitio studies found a number of 
anionic detergents which do not inhibit peptic 
activity, two which have a moderate effect and 
two, Duponol PC and Naccanol E, both anionic 
detergents, which inhibit peptic activity as de- 
cidedly and as effectively as commercial sodium 
alkyl sulfate In a carefully conducted clinical 
study in which sodium allcyl sulfate was ad- 
ministered together with milk and cream, houily 
doses of 130, 260, 390 and 520 mg did not 
produce a lowei ing of peptic activity Howevei , 
when the sodium alkyl sulfate was given in doses 
of 780 mg (•) at hourly intervals with a low 
fat diet there was an appreciable, although tem- 
poiary, decrease No toxic effects except mild 
diarrhea were noted Kirsner and Wolff 
appaiently used three to five times as much 
sodium all<yl sulfate as repoi ted by Fogelson and 
Shoch No beneficial effect was observed on 1 
large gastric ulcer after twenty-eight days of 
treatment, on a second after thirty-eight days and 
on a third aftei twenty-five days The patients 
had all been under obseivation for some months 
and offered, therefore, an unusual opportunity 
for controlled study Kirsner and Wolff con- 
cluded that sodium alkyl sulfate given hourly in 
large doses in conjunction with milk and cream 
does not produce a detectable deciease m the 
peptic activity of the gastric contents in human 
beings , that given hourly in large doses in con- 
junction with a diet low m fat it may decrease 
appreciably though temporality the peptic ac- 
tivity, and that the healing of gastric ulcer is not 
affected by the use of very large quantities of 
sodium alltyl sulfate and a low fat diet 

Gill and Keele,^"*® in studying the efficiency of 
milk and the vaiious alkalis usually used in the 
treatment of peptic ulcer, concluded that adequate 
neutralization of peptic activity is obtained by 
raising the p-a of the gastric juice to 3 5 to 40 
and that milk, magnesium carbonate, calcium 
carbonate, tnbasic magnesium and calcium phos- 
phates, colloidal aluminum hydroxide and mag- 
nesium Irisihcate are the most satisfactory agents 

Upham and Chaikin,^’*® in a clinical investiga- 
tion of the aluminum phosphate gel, found that 
in patients with an already disturbed calcium and 
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phosphorus metabolism the administration of ex- 
cessive amounts may produce an actual loss of 
phosphate The optimum dose in the treatment 
of peptic ulcei is consideied to be 2 tablespoons 
every two hours and 6 tablespoons before re- 
tii mg 

Alkalosis — Zintel, Rhoads and Ravdin^'" 
found that ammonium chloride can be adminis- 
teied intravenously to patients with alkalosis 
without evident harm and that it is effective in 
rapidly lowering the serum carbon dioxide at 
the rate of approximately 1 volume per cent foi 
each gram administered Two per cent solutions 
were prepared by dissolving 20 Gm of am- 
monium chloiide in a liter of water, 0 9 per cent 
sodium chloride solution or 5 per cent dextrose 
solution The ammonium chloride and sodium 
chloride solutions could be autoclaved, but the 
dextrose solutions acquiied a brownish color 
suggestive of caramehzation and were not used 

Sin gical Treatment — For duodenal ulcer gas- 
tric resections exceeded gasti oenterostomies in 
number at the Mayo Clinic during 1942 
About 17 per cent of the patients with duodenal 
ulcer and 60 pei cent of those with gastric ulcei 
w ei e treated surgically DeCourcy reviews his 
experience with the ulcer problem Stewart and 
Zaepfel discuss the use of subtotal gastric 
resection m cases of bleeding and penetrating 
gastric ulcer and those in which malignancy 
cannot be definitely excluded 

Connell reports a case of recuirent in- 
tractable duodenal ulcer tieated by a paitial 
fundusectomy on Dec 14, 1931, with no recur- 
icnce of ulcer distiess up to the time of the 
leport, July 1943 In 24 other cases with the 
same type of opeiation there were 2 postoperative 
deaths and 2 m which the remote result is 
unknown In 19 of the lemammg 20 cases the 
patients have been symptom fiee In 1 remain- 
ing case recurrent symptoms developed in six 
months, a second operation disclosed an old 
duodenal ulcer, for which pyloroplasty was pei- 
formed The author considers the clinical results 
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m the 19 cases as satisfactory, despite the return 
of normal gastric acidity, motility and size in the 
5 other cases studied 

Massive Hem or) hage — Rasberiy and Miller 
support the piompt feeding program for grossly 
bleeding peptic ulcer with adequate fluid intake 
to avoid shock and blood transfusions when 
necessary To the 32 cases previously reported 
on the authors add 43, making a total of 75 
personally observed and included in 2,111 cases 
described m the literature in which treatment 
consisted m some foim of fiequent feeding pro- 
gram The gloss mortality is 4 per cent and the 
net mortality 1 9 per cent Surgical interven- 
tion for bleeding ulcei should be considered only 
when there is evidence of coincident perfoiation 
Manzer describes 2 cases of bleeding gastric 
ulcer, in 1 m a man aged 67 and in the other in 
a man aged 72, successfully controlled surgically 
and 1 fatal case in which the ulcer was not found 
at operation Schiff reports on the treatment 
in 160 cases of bleeding peptic ulcer with a modi- 
fied Meulengracht diet Appi oximately half the 
patients received blood tiansfusions The over- 
all mortality was 6 8 per cent and the mortality 
from exsanguination 3 1 pei cent 

Rafsky and Weingarten analyzed a series 
of 476 cases of bleeding peptic ulcer to evaluate, 
the role of hypertension and found that the 
severity of the hemorrhage was little affected 
The gross mortality in patients under 50 years 
with hypertension Avas increased, but this was 
attributed to complicating diseases not found in 
the patients without hypertension In patients 
over 50 years of age the moitality with and with- 
out hypertension was approximately the same 

Maldonado-Allende reports a case of rather 
severe hematemesis and melena of unproved 
origin occuri mg in a patient with brucellosis 

Jejunal Ulcer — ^Tepper and Massell,^”® m dis- 
cussing the treatment of gastrojejunocohc fistula, 
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emphasize the opinion that the final procedure 
should include gastiic lesection, because anything 
short of this is likely to result m a therapeutic 
failure 

Acute Perforation — A statistically significant 
increase in perforated peptic ulcer was found 
during the period of heavy air raids m London 
as compared with the previous three and the 
following two years The average numbei of 
perforations per month from January 1937 to 
August 1940 ranged from 22 to 25 5, but in 
months from September 1940 to May 1941 the 
average jumped to 35 11 In the subsequent 
nine months the aveiage was 20 3, with a fuither 
decrease to 16 5 for the following periods The 
statistical evidence is thus m favor of the view 
that some general tendency operated to cause 
perforations during the air raid period Anxiety 
may have constituted an important cause A 
significant and unexplained increase in perfora- 
tions was also found m the month of December 
in the prewai years 

Raw studied a series of 312 cases of per- 
forated gastric and duodenal ulcer with a gross 
mortality of 14 4 per cent The two most impor- 
tant factors influencing opeiative mortality were 
the age of the patient and the interval befoie 
the operation Supraclavicular pain was pre- 
sented in 60 per cent of the cases of perfoiated 
ulcers and was of great diagnostic help 

Wakeley,^°® m a follow-up of 103 patients with 
perforated peptic ulcer operated on between 1924 
and 1934 found that 44 per cent are still serving 
m the Royal Navy , only 8 per cent of these men 
had died, as compared with 20 per cent of a 
compai able series of civilians , therefore the per- 
son with perforated peptic ulcer need not be 
invalidated from the service 

McCabe and Mersheimer,^®^ in studying 89 
cases of acute gastroduodenal perfoiations found 
that the diagnosis was correctly made preopei- 
atively in 89 7 per cent In cases m which the 
diagnosis could not be made by the symptoms 
and results of physical and roentgenologic exami- 
nations the determination of the serum amylase 
to exclude pancreatitis and the ingestion of 
methylthionine chloride by stomach tube fol- 
lowed by peritoneal aspiration of the dye with a 
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spinal punctuie needle seived as valuable diag- 
nostic adjuncts 

Williams/®® in a follow-up of 100 cases of 
acutely perfoiated peptic ulcei lepaiied surgi- 
cally, found that aftei an aveiage peiiod of three 
3 ears and foui months the result was considered 
excellent m 28 pei cent, good in 27 per cent, 
fair m 22 pei cent and poor in 23 pei cent of the 
cases Ashton®®® leports the case of a man 
80 yeais of age in whom opeiation was per- 
formed for a peifoiated duodenal ulcei thiee 
and one-half hours after onset, with lecover}’’ 
Paletta and Hill ®®’^ leview a series of 83 cases 
of patients ^Mth acute peifoiation of gastiic oi 
duodenal ulcer opeiated on between 1925 and 

1942 The moitaht}^ was 16 9 per cent The 
mortality m the group with gastiic ulcer was 
twice that in the group with duodenal ulcei 
Patients over 50 years of age showed a mortalit}' 
SIX times that of patients under 50 }’'ears of age 
The mortality of patients opeiated on after Ivelve 
houis was 25 pei cent, compaied with 13 6 per 
cent for the group operated on twelve houis 
or soonei after peiforation Jackson and 
Metheny ®®® give a brief leview of 30 cases of 
perforated peptic ulcei Estes and Bennett®®® 
report 80 consecutive cases of acute perforated 
gastroduodenal ulcei with an operatu e mortality 
of 8 7 per cent Reperforation occurred m 8 
( 12 7 pel cent) Of the 53 in which end results 
were studied there was complete cuie in onl} 
5 6 per cent, in 71 7 pei cent medical tieatment 
was requiied foi control of the lecurrent ulcer, 
and in 22 8 per cent further suigical measures oi 
hospitalization was lequiied 

Burden,®'® on the basis of his personal ex- 
perience, advocates gastioentei ostomy m addi- 
tion to closure of the acute perforation Beitola 
and Martinez ®^® repoit on 6 perforated ulcers 
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tieated suigically by wide gastiic resection, with 
good results Warren and Falhs ®®® report 3 
cases of acute perforation of postoperative 
lejunal ulcer The first of these is paiticularly 
noteworthy in that the patient fiist experienced 
a peiforation of a duodenal ulcer Eighteen 
months later a partial gastrectomy was pei- 
formed, approximately four-fifths of the stomach 
being removed About twenty months later a 
jejunal ulcer pei fora ted and was lepaiied sui- 
gicall)’', but it perforated again seven months 
latei In the second case an acute peifoiation 
of a duodenal ulcer ivas repaired, and a yeai 
latei a posteiior gastroentei ostomy foi pyloric 
stenosis was peiformed A jejunal ulcer pei- 
forated almost three y^eais later The peifoia- 
tion m the third case occurred after anterior 
gastroenterostom}’’ with enteroenterostomy 

Peaice,®®® in discussing the value of pain in 
the shoulder, obliteration of hepatic dulness and 
the fluoroscopic demonstration of pneumopeii- 
toneum, advocates in the diagnosis of perforated 
peptic ulcei, the Trendelenburg and reversed 
Trendelenbuig positions as valuable in demon- 
strating these signs 

Ulca 'in Childhood — Copello ® cites a num- 
ber of historical refeiences on peptic ulcer in 
.childhood and leports an ulcei of three jeais’ 
duration m a boy 14 3 'eais of age, treated by 
fundusectomy' and without recurrence for the 
follow-up period of two j'eais Benner®'® le- 
ports 7 cases of duodenal and 1 of gastric ulcer 
found on postmoitem examination in children 
from 2 days to 11 years of age One case w'as 
lemarkable because of the association of ulcer 
w'lth possible rhubarb poisoning Twm appar- 
ently'^ healed ulcers were found Hutcluns®'® 
leports a case of acute peiforation of a duodenal 
ulcei in a 9 year old w'hite girl, /vith recovery 
following opeiation 

Ulcei and Mditaiy Seivicc — Edw'aids and 
Copeman,®"' in analyzing the cases of 356 pa- 
tients complaining of dy'spepsia in a military hos- 
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pital, found 139 with peptic ulcei, 37 with othei 
01 game disease and 180 with diagnoses of a 
functional disoidei The duiation of freedom 
from pain aftei food was longer in the gioup 

ith ulcer than in the gi oup without The pain 
was relieved by food in neaily three quaiteis 
of the patients with ulcer but in less than half of 
those without ulcei Nocturnal pain was a moie 
pionounced feature of ulcei dyspepsia than of 
nonulcei dyspepsia Annis and Eldiidge/"^® in 
leviewing the cases of patients admitted to an 
outpatient gasti ointestinal clinic at a station 
hospital dm mg a two' yeai pei lod, found that 
the incidence of peptic ulcei was not gieatly 
different than that seen in civilian piactice and 
that the latio of duodenal to gasti ic ulcei was 
appi oximately 15 to 1 Aitken reports that 
4 5 pel cent of all the men i epoi ting sick in an 
aimoied legiment dm mg a two yeai peiiod were 
patients with d37spepsia, 45 pei cent of whom 
Mere lefened to hospitals for fuithei investiga- 
tion Of these, 36 per cent weie found to have 
gastroduodenal ulceration and 17 pei cent gasti o- 
duodenitis Tidy^®® consideis the pievalence 
of d 3 ^spepsia, organic and nonoigamc, in the 
army in the piesent M^ar to be comparable to 
the incidence m the civilian population Peptic 
ulcei began in civilian life in 81 per cent of the 
soldieis studied The lecurrence in the army 
is asciibed to unavoidable routine Peptic ulcei 
caused 58 pei cent of the admissions to the hos- 
pital foi dyspepsia Men with it aie not suitable 
for army life, wdieieas men suffering from non- 
organic dyspepsia can m many cases make useful 
soldiers provided they aie not hospitalized too 
long 

Kiik,^®^ in an inteiesting study of 50 cases of 
duodenal ulcer and 1 of gasti ic ulcei encounteied 
at Foit Sill, makes the following comment le- 
garding the psychosomatic aspect of the ulcei 
problem 

“Actually onl 3 '’ three men developed acute and 
primary onset of symptoms within the 12 months 
preceding induction and hospitalization In no 
case could a definite relationship be established 
Math the pi aspect of cei tain military service 
Wolff’s ulcer case histones showed pio- 
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longed emotional turmoil intolving mainl 3 ’ con- 
flict, anxiety, guilt, hostility and lesentment' 
Every medical officei has seen a certain numbei 
of soldiers who have had all the above emotions 
with the possible exception of guilt, admittedl 3 
pieceding the folloMung induction in the aimy 
On the gasti ointestinal service these soldieis 
fitting this desciiption ver 3 '' closely have in almost 
eveiy instance been hospitalized foi peimcious 
Amounting, but in no single case has a duodenal 
ulcer been demonstiable 

“Of the 1 1 soldiei s developing ulcei symptoms 
foi the fiist time Mdiile in seivice, it is eas3^ to 
say that failure to obtain a piomotion, tiansfei 
to less desirable posts, 'aleiting’ for foieign sei- 
vice, constant and uni emitting obedience to 
01 dels can satisfactoiily establish the backgiound 
of their ulcei Actuall 3 ’- in onl 3 '’ a few of the 
ps 3 ^cho-neui otic peisonalities did these factois 
piedommate Outstanding M^as a histoi 3 ^ ot 
onset of gasti ointestinal complaints M'hile on 
maneuvers eating field lations Even overnight 
field piobleins on field rations could be lelied 
on to pioduce exacerbations Fuither doubt 
seems cast on the emotional concept of the 
genesis of ulcei by the inescapable fact, at least 
in this hospital, that patients with pi oven duo- 
denal ulcer lespond piomptly on standaid ulcei 
management Complete lelief of seveie pain 
within 48 to 72 houis aftei being put on stud 
management was the i ule rathei than the excep- 
tion Quite the leverse occniied in the T 3 ’-pical 
psychoneurotics ’ No relief M^as admitted by 
the great majoiity Mdien the3'- were hospitalized 
for many weeks and either sent to duty oi le- 
leased from the militai 3 '’ seivice on suigeons 
Ceitificate of Disability foi Dischaige ” 

Chambeihn^®* attempts to standaidize the 
diagnosis and tieatment of peptic ulcei Waltfeis 
and Butt uige fuither stud 3 '’ of the value of 
ladical suigical tieatment of peptic ulcei in 
officers and specialists in Mdiom ulcei develops 
while they are on active duty, so that moie may 
be returned to active dut 3 '’ Repoits fiom 1,352 
patients Math peptic ulcer admitted to naval hos- 
pitals indicated that 92 per cent M’^eie tieated 
medicall 3 '-, 55 pei cent of Avhom Aveie letuined 
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to active duty, whereas 71 per cent of those 
treated surgically were returned to active duty 
In a personal series of 35 patients 22 were 
treated medically, 73 per cent being returned to 
duty, while of 13 treated surgically 85 per cent 
returned to duty Partial gastric resection was 
done in 85 per cent It was noted that 25 per 
cent of those discharged from the navy with 
medical treatment had been hospitalized re- 
peatedly Hence ladical surgical treatment is 
advocated for chronic recuiring ulcers develop- 
ing during service because the incidence of recur- 
rence IS less than the 25 per cent now found for 
such ulcers treated medically 

Rush found that 53 per cent of 200 patients 
admitted to a large hospital m the South Pacific 
because of “dyspepsia” had functional disorders 
The most characteristic complaint of these pa- 
tients was distress induced by the taking of food 
For the most part the theiapeutic response was 
poor, leading Rush to the conclusion that such 
patients should be returned to the zone of the 
interior 

GASTRIC CANCER 

Incidence — Mulsow,^®’ studying the incidence 
of cancer in Iowa, found that in the cit}’- of Cedai 
Rapids cancer of the stomach caused 12.3 per cent 
of all deaths from cancer, in the cancer clinic 
at the Iowa State Hospital, 5 3 per cent, and m 
the report of the Division of Vital Statistics 
for the State of Iowa in 1941, 15 2 per cent of 
all such deaths It is difficult to reconcile these 
figures with others, such as those of Cramer 
and Mullen,^®” which ascribe 30 and 35 per cent 
respectively of the total cancer mortality to 
cancer of the stomach 

Dorn found that in 48 per cent of the white 
males and 74 per cent of the white females in 
whom cancer develops, the growth originates in 
either the digestive or the genital system Among 
females the genital system is attacked most fre- 
quently, while in males the most frequent locali- 
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zation IS m the digestive system The incidence 
of cancer of the digestive tract in white males is 
60 per cent higher than that m white females 

Experimental Production — Kirby and his 
associates m work on the experimental produc- 
tion of gastric cancer found that cancer did not 
develop m rats fed cholesterol heated to 300 C , 
thus refuting the theory of Roffo that cholesterol 
either irradiated or heated undergoes an oxida- 
tive process whereby polycyclic hydrocarbons 
arise which are carcinogenic for mice In stock 
mice given an adequate diet with the addition 
of either 3,4-benzpyrene or 20-methylcholan- 
threne papilloma of the forestomach with a 
tendency to malignant evolution developed Un- 
like the diffuse gastropapillomatosis associated 
with dietary deficiency, the papillomas induced 
with carcinogenic hydiocarbons tend to be local- 
ized and invasive and aie not prevented or influ- 
enced by the addition of vitamin A to the diet 
In rats receiving an adequate basal diet with the 
addition of either the residue of cholesterol 
heated to 300 C or 3,5-cholestadiene gastric 
tumors failed to develop 

Gash ihs and Cancer — Alvarez describes 

the case of a 55 year old man with mild abdom- 
inal discomfort and low gastric acidity for fifteen 
years who died of gastric cancer nineteen months 
after an ulcerative gastritis was found gastro- 
scopically 

While Konjetzny thinks that approximately 
85 per cent of all gastric cancers develop on the 
basis of gastritic mucosal changes, Westhues,’^®® 
as a lesult of a study of 463 resected stomachs 
and 40 stomachs obtained at necropsy, concludes 
that inflammation is not the decisive factor in 
the development of gastric cancer He does not 
deny the possibility of cancer arising fiom gas- 
tritis, but he questions its frequency Blastoma- 
tous gastric polyps are definitely precancerotis, 
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but they aie not inflammatory, hence cancers 
developing m them aie not a result of inflam- 
mation 

Guiss and Stewait,^®' aftei a caieful review 
of the liteiature and a detailed histologic study 
of stomachs obtained from persons of all ages 
fiom birth to senility with and without gastric 
01 extragastric cancel ariive at important con- 
clusions 

“Intestinal metaplasia, pyloric gland hetero- 
topia, mucosal cyst instances of dedifferentiation 
of specialized cells and lymphoid collections are 
not present at bnth and must theiefore develop 
postnatally, probably as a lesult of mucosal 
damage Intestinal metaplasia, heterotopia of 
the pyloric glands, mucosal cysts, heavy leuko- 
cytic infiltration and laige nunibeis of lymphoid 
aggiegates are never found m truly noimal 
stomachs but aie all evidences of gastritis 
changes Stomachs of patients who died of 
cancer othei than gastiic cancer are essentially 
identical with those who died from other causes, 
except that they contain fewer lymphoid follicles 
and collections, and less leukocytic mfiltiate 
This difference is diiectly propoitional to the 
degree of malnutrition piesent and not due to the 
piesence of cancer itself m the patient Eighty- 
two per cent of stomachs from appai ently normal 
persons who died within the gastric cancer age 
(over 40) show microscopic evidence of chronic 
atiophic gastritis Ninety-seven per cent of 
stomachs with gastric carcinoma show associated 
chronic atrophic gastritis There is a similar 
incidence of chronic atrophic gastritis in associa- 
tion with gastric diseases other than carcinoma 
The chronic atrophic gastritis associated with 
gastric carcinoma is a non-specific ‘reaction’ to 
inflammation and gastric injury m general, and 
there is no evidence to suggest an etiologic rela- 
tionship other than that chionic atrophic gastiitis 
may be caused or intensified by the presence of 
carcinoma m the stomach 

“The factors included m the present concept 
of chronic atrophic gastritis, i e mucosal 
atrophy, increased amounts of leukocytic mfil- 
tiate and lymphoid aggregates, intestinal meta- 
plasia and pyloric gland hetei otopia are all rather 
closely correlated, variation m one factor tending 
to be associated with proportionate changes m 
the others This con elation probably justifies 
the consideration of these changes as a pathologic 
entity 

“The often reiteiated claim that chionic 
atiophic gastritis is a precanceious lesion re- 

197 Guiss, L W, and Stewart, F W Chrome 
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ceives no positive support as a result of this 
study The slight difference m incidence of 
gastric atrophy between cancerous and noncan- 
ceious stomachs is far from being convincing 
Atrophic gastritis is an exceedingly common 
condition with advancing age Mere statistical 
correlation of incidence of gastric atrophy and 
of gastric cancer is quite insufficient to show 
causal relation Both atrophy and cancer appeal 
to be events m aging organs Were the effort 
made, it would doubtless be easy to show that 
gastric cancer was correlated not only with 
gastric atrophy but likewise with atrophy of othei 
organs even in fact with atrophy of such anatomi- 
cally unrelated structures as the genitalia, 
breasts, circulatory apparatus or even skin, thus 
reducing to absurdity the conclusions based on 
mere statistics as to incidence 

“To assert on morphologic giounds that the 
origin of gastric cancel depends on the existence 
of gastric atrophy would requiie far more evi- 
dence It would at least require proof that 
early gastric cancer begins in, and can be directly 
traced to, an area of atrophy to the exclusion 
of other areas From the very nature of gastiic 
material universally available m large clinics, 
this type of evidence, although it may eventually 
appear, will be long m coming Could even 
this be proved con ect, the larger question would 
still remain unanswered as to why A, with gastric 
atiophy, gets cancer and B, with the same 
atrophy, does not Prematurity m formulating 
important conclusions m matters of this sort 
is unjustified ” 

On the other hand. Wan en and Meissner 
point out that the histologic changes m chronic 
gastritis should be divided into exudative and 
epithelial, the foimer have no direct significance 
as a precancerous lesion, but the latter when 
severe may be compaiable to well recognized 
premahgnant lesions elsewhere m the body 
Hence these authors assume that some gastiic 
cancers arise on this basis, even though conclu- 
sive statistical proof is not available 

Ptognosis and Classification — Dochat and 
Gray^°® studied the cases of 1,251 patients with 
gastric carcinoma operated on at the Mayo Clinic 
between the years 1922 and 1934 The tumors 
were classified into four types based on the extent 
of the lesion type A, those m which the car- 
cinoma involves only the mucosa and is not seen 

4 
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mici oscopically below the musculans mucosae, 
type lesions aie those m which the caicinoma 
extends from the submucosa into the musculans 
and involves all or pait of the gastiic muscula- 
ture, t3fpe Bo lesions have spread thiough the 
entire wall and involved the seiosa, t^pe C 
lesions include those in which theie is metastatic 
involvement of the legional lymph nodes The 
survival rate giaded in this mannei was com- 
pared with the suivival late graded by the 
method of Biodeis It vas found that the giade 
of the lesion and the extent of its spread taken 
togethei give a bettei index of the duiation of 
postopei ative life than does one of these methods 
alone 

Puderbach and Ficaiia-*’® report a gastiie 
tumor desciibed histologically as a "malignant 
caicinoid” although the silver stains wcie un- 
satisfactory From a piactical viewpoint the 
differentiation is not too impoitant, except that 
caicinoids and indeed ccitain adenocaicinomas 
are geneially veiy slow in growth and metastasis 

Wood,"”^ m an inteiesting discussion of 
adenocaicinoma of the p3'-loiic end of the stomach, 
presents 2 cases with metastases in the lymph 
node containing squamous cells as well as 
glandular components and icmcvs 19 cases re- 
ported in the hteratuie In discussing the 
mechanism of then development, Wood reviews 
the experimental studies of Stewart and Loien/ 
and other workeis and concludes that "direct 
neoplastic stimulation of undifteientiated basal 
cells in the gastiic mucosa is the 

essential factor in the histogenesis of squamous 
cell tumors of the pyloi ic i egion of the stomach ” 

Natwal Hisfoty — Pahnei,-°- commenting on 
the meagerness of knowledge of the natuial 
history of gastiic caicinoma, emphasizes the 
gieatest variations in the rate of growth and 
extension The extremes aie represented b3 the 
“acute” growths, such as the lapidly metastasiz- 
ing tumors described by Jaicho, and the vei3'^ 
"chronic lesions” such as that described by 
Eusterman and Balfoui in which the patient was 
operated on nine and one-half years aftei the 
onset of symptoms, two and one-half years aftei 
a diagnosis of gastric carcinoma was made, and 
yet a resectable lesion was found The patient 
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was still alive and well nine yeai s latei Palmer 
desciibes anothei case with faiily good evidence 
of gastiic cancer for eleven yeais In a thud 
instances a lesion identified i oentgenologicaliv 
and gastroscopically as a small ulcerating cai- 
cinoma was observed foi foui yeais with 16 
loentgenologic examinations and 22 gastroscopic 
examinations before lesection was earned out 
S3unptoms were minimal and there was no loss 
of weight The resected lesion was a small 
ulceiated mucinous carcinoma without evidence 
of metastasis The factors detei mining oi influ- 
encing these various rates of growth are un- 
known, although in geneial the biologic behavioi 
of the tumoi coi responds roughly with the 
degiec of cellular differentiation in teims ot 
Biodei's grading The therapeutic implication 
IS that as a rule gastric caicinoma should be 
lesected unless theie exist pioved distant meta- 
stases Theie is \ei3'^ little evidence to suppoit 
the Mew that the remo\al of the piimai3 tumoi 
exerts a favoiable influence on the grow'th ot 
sccondar3’- lesions 

Feldman repoits 3 instiuctne cases of long- 
standing carcinoma of the stomach ’ In the first, 
that of a 56 yeai old man w'lth slight dyspeptic 
s3mptoms of two 3 ears’ duration, a roentgen- 
ogiam of the stomach disclosed a seemingh 
insignificant piepyloiic nan owing In 5 further 
loentgen ra3’^ examinations during seventeen 
3 ears, progressne narrow'ing w'as noted At 
operation an inopciable caicinoma was found 
In the second case, a 59 year old man gave a 
histoi3' of digestive complaint extended ovei 
a period of three 3'ears The roentgen ray exam- 
ination at the time of the fiist s3mptoms revealed 
a slight and seemingly insignificant narrowung 
ot the prep3dorus Tw'O 3'^eais latei with a le- 
cuiience of S3’’mptoms, roentgenologic examina- 
tion again levealed a "spastic p3dorus and nai- 
rowmg of the prep3'loius thought to be due to a 
gastritis ” One 3'^ear later "roentgen studies le- 
vealed a pai tial pyloric obsti uction with an annu- 
lar infiltrating ulcerating carcinoma At operation 
an inopei able carcinoma was found ” In the thii d 
case, a man 73 yeais old when admitted to the 
hospital w^as followed during six years Foui 
sets of loentgenograms in this period showed 
the progressive narrowing of the pylorus, caused 
as proved at operation, by an inoperable cai- 
cinoma The 3 cases aie well documented with 
loentgenograms and constitute further convinc- 
ing evidence of the chionicity of certain gastric 
cai cinomas ^ 
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Alvai ez i epoi ts the case of a man with an 
old duodenal ulcei who was found at opeiation 
to have a leathei bottle type of stomach with 
a malignant ulcer winch was excised neai the 
caidia Two yeais latei anothei such ulcei was 
found 

Fergusson leports on a 39 year old patient 
nuth carcinoma of the stomach invading the i ight 
ureter and pioducmg a uimaiy extravasation 
on the right side as the lesult of the obstiuction 
of the uretei 

Diagnosis — Wasch and Epstein call atten- 
tion to the double contrast method of detecting 
caicinoma of the caidia roentgenologicall}'- The 
tumor mass may be clearly demonstrated in 
the ail bubble with the stomach empty or only 
partially filled with baiium sulfate solution 
Better contrast roentgenograms were obtained by 
inflating the stomach with an thiough a Levine 
tube 

Jenkmson and Latteier leport 2 instinctive 
cases m which spasm of the antrum produced 
the roentgenologic criteria of gastric carcinoma 
An interesting case is described of gastric cai- 
cmoma not diagnosed by gastroscopic or loent- 
genologic examination but nevertheless found 
at operation to be present and invading both 
the pancreas and the spleen 

A most interesting expei iment m the eaily 
diagnosir of gastric carcinoma consists in the 
mass roentgenologic study of 2,413 men and 
women over the age of 50 who had no digestive 
symptoms of appreciated significance Of these. 
491 were reexamined a yeai or more later Three 
were fomid to have unsuspected malignant 
gastric tumors, 2 of them having a caicinoma 
and 1 a lymphosaifconia All 3 underwent sub- 
total gastric 1 esection The lymphosarcoma was 
not found by the surgeon at operation but was 
found on reoperation several months later One 
of the two caicinomas situated neai the pylorus 
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presented an ulcerated aiea less than 1 cm in 
diameter It had enteied the musculaiis at onh 
one aiea and had not metastasized The method 
of study was a lapid fluoioscopic examination 
of the stomach in an effoit to diffeientiate 
between the abnoimal and the normal In the 
cases m which the stomach did not appeal noi- 
mal, a subsequent, moie detailed, examination 
was made The chief difficult) encounteied was 
not the speed of the examination itself but the 
handling of the patients, guiding them back and 
foith from the diessiiig lOoms, keeping them 
moving steadily into the fluoroscopic loom, etc 
Two assistants and a stenogiaphei were lequired 
to keep the examiner bus) The cost of exami- 
nation was approximately 48 cents per pei son , 
this did not include a charge for the service of 
the loentgenologist oi overhead charges foi the 
equipment, but merely the actual cost of secre- 
tarial and technical help, stationery, films, etc 
An interesting by-product was the relatively 
large number of abnoimalities other than cai- 
cinoma disclosed, such as 54 instances of deform- 
ity of the duodenal bulb with oi without crater 
7 of cardiospasm and 25 of diaphiagmatic heinia 
Whethei or not these results wan ant for the 
mass of the populace routine roentgenologic 
examination of the stomach at inteivals is ques- 
tionable, but they certainly emphasize the impor- 
tance of roentgenologic examination, the need 
for an examination at the slightest indication and 
the low cost with which such examinations can 
be made on a quantity basis 

Thoistad^^® reviews 970 cases of malignant 
gastric neoplasms observed from- 1928 to 1942 in a 
private and m a charity hospital Of the patients 
observed in the private hospital 42 3’pei cent weie 
clinically inoperable, as compared with 766 pei 
cent in the charity hospital Gastiectomy was 
pel formed on 194 pei cent of the patients at 
the private hospital and m 9 8 per cent of those 
at the chanty hospital No evidence was found 
to indicate a significant improvement in eithei 
the diagnosis or the treatment of early caicinoma 
of the stomach during this fifteen )eai period 

Bolen describes a pattern in the diicd led 
blood cell which not only is a “sensitn e indicaloi ” 
of the presence of carcinoma but ‘ can be used at 
inteivals to deteimine the couise of the disease, 
presence of metastases, and end lesults after sui- 
gery, deep x-iay therap), oi ladium implanta- 
tion” The evidence offered is not con\incing 
to the review eis 
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Swgical Ti eatment — In 127 malignant tumors 
observed by Amesti between 1938 and 1942 
the resectability rate was 55 76 per cent with a 
mortality of 26 per cent Metheny concludes 
that at least 50 per cent should be subjected to 
operation, and the surgeon must be willing to 
accept a high mortality late When 50 pei cent 
of 42 tumors were operated on, 12 resections 
were done, with a mortality of 50 pei cent and 
a chance of cure of 14 5 per cent When 30 per 
cent of 67 malignant tumors were operated on, 
10 per cent were lesected, with a 25 per cent 
mortality and a 7 5 per cent chance of cure 
When only 10 per cent of 34 tumors were oper- 
ated on, 8 per cent were resected, with no mor- 
tality and a 10 per cent chance of cure 

Morris reviews the history of surgical 
treatment of gastric carcinoma from the time 
of Billroth to the present day, notes that at Belle- 
vue Hospital there have been three times as 
many admissions for gastric carcinoma as for 
gastric ulcer and estimates that the incidence of 
resectable caicinoma in the United States is 
about 10,000 per year, and yet only 3,000 resec- 
tions have been reported in this country The 
American College of Surgeons has 1,279 regis- 
tered five year cures Twenty per cent of the 
patients dying from caicinoma of the stomach 
show no distant metastases at autopsy In the 
last twenty years at the Charity Hospital in New 
Orleans, the resectability rate has more than 
doubled while the operative mortality has been 
cut to one third of that ten years ago Morris 
estimates that 50 per cent of the patients seen 
in the hospitals have cancers which are inoperable 
that only 25 per cent have resectable cancer and 
that 20 per cent of those with resected tumors 
may be expected to survive for more than five 
years 

These estimates reflect the present status, but 
there is much reason to hope that in the years 
to come the number of resectable carcinomas will 
greatly exceed the present figure of 25 per cent, 
that the five year cures will likewise increase and 
that the mortality rate will decrease Thus 
Walters and his associates report that resec- 
tion was earned out on 40 per cent of the pa- 
tients operated on for malignant disease in the 
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year 1942, with a mortality rate of 6 7 per cent, 
the lowest m the records of the Mayo Clinic 

Alien‘d® reports that 14 per cent of 255 
gastric ulcers thought to be benign proved to be 
malignant microscopically Healing of the ulcer 
under adequate medical management did not 
assure the absence of malignancy When opera- 
tion was done with a clinical diagnosis of cancel , 
the five year cure rate was 20 per cent , whereas 
when operation was undertaken with a diagnosis 
of ulcer and cancer found, the cure rate increased 
to 40 per cent The five ) ear cure rate including 
mortality as reviewed in 1933 and 1939 has not 
been appreciably improved, but an increased 
number of patients have had more months of 
respite from symptoms 

Lahey and Marshall describe 73 patients 
who underwent total gastrectomy at the Lahej. 
Clinic, with a mortality of 33 per cent, in the 
last two years in 28 operations the mortalitj 
was reduced to 18 per cent Most postoperative 
deaths were due to intra-abdominal infection 
Microscopic examination of the lymph nodes dis- 
closed metastatic involvement in 87 per cent of 
the cases with resection Of the 48 patients 
suivivmg gastrectomy, 15 lived more than a year 
and 7 have lived two or more years One pa- 
tient is alive and well after four and one-half 
years, and another is well after six years These 
figures for survival aie to be contrasted with the 
average life expectancy of ’five months for pa- 
tients with such tumors vhen no resection is 
carried out Clagett and Root-^® report an 
adenocarcinoma of the cardia in a young woman 
21 years of age successfully treated by trans- 
thoracic resection Eight such operations were 
performed, with 1 postoperative death Sweet 
reports 7 similar cases 

Because of the bacteriologic floia found in 
the stomachs of patients with gastric carcinoma, 
the use of 5 to 10 Gm of sulfathiazole preopera- 
tively is advised < 
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A defective diet and chronic loss of blood are 
not considered sufficient to explain the hypopro- 
teinemia and anemia Patients who have had 
total gastrectomy for cancel have an impaired 
ability either to digest oi to absorb fat in the 
diet The blood lost during various gastro- 
intestinal opeiations is not excessive when com- 
pared with that lost during other types of opera- 
tions The intravenous administration of 
aminoacetic acid, with or without the simulta- 
neous ingestion of choline, failed to increase 
the urinary output of creatine or creatinine 
The failure is attributed to coexisting hepatic 
insufficiency Elman,-^'^ in discussing the paren- 
teral administration of fluids and food, stresses 
the value of intravenous admimstiation of ammo 
acid (m the form of a hydiolysate of casein) 
to prevent oi correct protein loss when assimila- 
tion from the gastrointestinal tract is impossible 
In complete starvation 100 Gm of protein are 
lost daily Elman estimates that 100 Gm of 
dextrose is sufficient to reduce the protein loss 
two thirds and recommends as a basic formula 
the daily administration of 100 Gm of dextrose 
and 50 Gm of ammo acids, to which addition 
dextrose protein, saline solution, vitamins and 
fluids may be added as indicated 

Benign Tiimois — Weinberg and Raider 
discuss pedunculated tumors of the stomach and 
report a case m which the filling defect caused 
by the polyp was observed to vary between the 
stomach and the duodenum on different roent- 
genologic examinations Centeno found that 
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29 benign tumors of the stomach had been ob- 
served m Aigentina beh\een 1925 and 1942 
Lymphosai coma — McSwam and Beal 
found that lymphosai coma constitutes 1 9 per 
cent of the malignant lesions of the gastrointes- 
tinal tract The differentiation fiom caicinoma 
was seldom made before histologic examination 
Two suggestive diagnostic points on loentgeno- 
logic examination weie the laige size of the 
lesion in relation to the short duiation of symp- 
toms and the presence of whorl-like defects in 
the barium outline Of 20 patients, 6 were alive 
without evidence of recuirence after suigical 
removal and 2 after loentgen therapy The 
moitality was 42 per cent The prognosis was 
most favoiable for those for wdiom complete 
lemoval was possible Roentgen therapy is ad- 
vised in every case unless the lesion has been 
completely eradicated In a sei les of 258 patients 
with initial diagnoses of gastric neoplasm Yainis 
and Colp found the con ect final diagnosis 
for 8 (3 2 per cent) to be lymphosarcoma, seven 
of the lesions being typical small lound cell 
tumors and one a reticulum cell sarcoma The 
clinical picture was indistinguishable fiom that 
of carcinoma The roentgenologic examination 
disclosed exaggerated folds and giant lugae 
Gastroscopically the exaggerated rugae with 
ridgelike elevations and nodular or polypoid 
tumors weie covered with relatively normal 
mucosa with very minimal ulceration The 
authors question wdiethei diffusely infiltrating 
nonulcerative lymphosarcoma is a suigical dis- 
ease, for better results may be obtained by radia- 
tion therapy alone The prognosis, however, is 
poor, for other authors have been able to collect 
only 26 five year cures in the entire literature 
of some 246 cases Bassler repoi ts 4 cases 
of leiomyosarcoma An enormous ulcer of the 
lesser curvature of the stomach,-^’’- found to be 
lymphosarcomatous when resected, is described 
A 27 year old soldier was found to have a round 
cell sarcoma of the stomach A malignant 
lymphoblastic lymphoma of the stomach with 

228 McSwain, B , and Beal, J M Lymphosarcoma 
of the Gastro-Intestinal Tract Report of Twenty 
Cases, Ann Surg 119 108-123, 1944 

229 Yarnis, H , and Colp, R Lymphosarcoma of 
the Stomach, Gastroenterology 1 1022-1039, 1943 

230 Bassler, A Leiomyosarcoma of the Stomach 
Presenting Four Cases, Am J Digest Dis 10*342- 
344, 1943 

231 Ayerza, L , Chai arn, M A , and Lelhs, J T M 
Nicho gigante del estomago por hnfosarcoma, Arch 
argent de enferm d ap digest i de la mitricion 19 
197-201. 1944 

232 Porntt, A E , Hughes, K. E A , and Camp- 
bell, R J C Sarcoma of the Stomach, Bnt J Surg 
31 395-398, 1944 
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extension to the tiansveise colon and involve- 
ment of legional lymph nodes was encoimteied 
m a patient with a benign giant cell tumor of 
the left feinui Doran and Doian lepoit a 
lyniphosaicoma of the stomach with perfoialion 
into the gastiocolic omentum Resection nas 
followed b} lecoveiy 

Hodgkin’s Disease — ^Jungman - ® lepoits an 
unusual case of Hodgkin’s disease of the stomach 
occuiimg m a 60 }eai old man who had expeii- 
enced epigastric discomfort one hour befoie 
meals, lelieved by food, foi two months Sc\cic 
pain about the umbilicus followed the meal 

233 Case Records of tlie Massachusetts General Hos- 
pital, Cabot Case 30072, New England J Med 230 
201-204, 1944 

234 Doran, W T , and Doran, W 1 , Jr Lj nipho- 
sarcoma of the Stomach with Perforation Gastiic 
Resection with Recoierj, Am J Sing 61 136-137, 
1944 

235 Jungman, H Hodgkin’s Disease of tlic Stom- 
ach, Brit J Radiol 16 386-387, 1942 


Roentgenologic examination of the stomach 
showed severe hypertiophic gastiitis wuth rigid 
folds extending fiom the cardia to the pylorus 
Peiistalsis was vei} sluggish and almost invisible 
at the middle pait of the lessei cuivature The 
gastioscopic appeal ance suggested a wndely in- 
filtiated carcinoma The pathologic report w^as 
Hodgkin’s lymphogranuloma infiltrating all the 
coats of the stomach J^ahey describes the 
most extensive operation evei undei taken in his 
experience, nameh total gastrectomy, splenec- 
torn}, oinentumectomy, colectomy and resection 
of the left lobe of the Iner The operation w'as 
technically successful, although the patient died 
file months latei from a recurrence diagnosed 
b) the pathologists as Hodgkin’s disease 

(lo Be Concluded) 

236 Lahc\, F H Total Gastrcctomj , Splenectomj, 
Resection of the Left Lobe of the Lner, Omcntumec- 
tomj and Colcctomi upon One Patient in One Opera- 
tion, Ann Surg 119 222-224, 1944 
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Brain abscess is a relatively unrecognized 
complication of congenital heart disease, so little 
known that only larely does one find reference 
to It m any standard textbook of medicine This 
obscurity must result in part at least from the 
scarcity of published cases, only 23 having been 
reported to date Hanna ^ in 1941 collected 17 
cases from the literatuie and added 6 more of 
his own Of this entire series, m only 3 cases, 
1 reported by Ingham ® and 2 reported by 
Wechsler and Kaplan,® was the disease correctly 
diagnosed piior to death and surgical drainage 
of the abscess attempted In all probability, this 
apparent obscurity and paucity of reported cases 
represent the failure either of their recognition 
or of their publication rather than the rarity of 
then occurrence 

Three cases of brain abscess associated with 
septal defects of the heart coming to autopsy at 
the Mallory Institute of Pathology of the Boston 
City Hospital during the years 1936 to 1943 
foim the body of this paper These cases were 
selected from the 7,880 autopsies performed 
during these years, which included 53 cases of 
congenital heart disease of all types There 
were no other instances of encephalomalacia 
encountered in the latter group — a point of some 
interest in relation to the discussion which 
follows 

REPORT OF CASES 

Case 1 — A 10 year old girl was admitted to the 
Boston City Hospital with a history of listlessness and 
extreme lethargy for seven days A persistent cough 
appeared three to four days later, followed by intrac- 
table vomiting She became increasingly drowsy up 
to the day of her admission to the hospital, on which 
day she complained of a severe headache with pain in 

From the Mallory Institute of Pathology of the 
Boston City Hospital 

1 Hanna, R Cerebral Abscess and Paradoxic Em- 
bolism Associated with Congenital Heart Disease Re- 
port of Seven Cases with Review of Literature, Am J 
Dis Child 62 555 (Sept ) 1941 

2 Ingham, D W Paradoxical Embolism, Am J 
M Sc 196 201 (Aug ) 1938 

3 Wechsler, I S , and Kaplan, A Cerebral Ab- 
scess (Paradoxic) Accompanying Congenital Heart 
Disease, Arch Int Med 66 1282 (Dec ) 1940 


the left ear There were no signs of fever, stiff neck 
or localizing neurologic symptoms up to the time of 
her admission Her past history revealed that from 
birth she had been recognized as having congenital 
heart disease and had always been restricted to a 
regimen of limited activity No history of cyanosis 
could be elicited Of some passing interest is the fact 
that the patient was a 3J4 pound (1,560 Gm ) prema- 
ture infant at birth 

Physical Examination — On admission she appeared 
to be a well developed, dehydrated, restless child having 
intermittent, spastic, purposeless movements of the arms 
Soon after admission she became disoriented and lapsed 
into coma Her temperature was 103 F, pulse rate 
120 and respiratory rate 26 Cyanosis was moderate 
but definite There was a well defined clubbing of the 
fingers The heart was not enlarged The pulse rate 
was extremely rapid A machinery murmur, most 
noticeable in the apical region, was heard over the 
entire precordium Nuchal rigidity and positive Kernig 
and Brudzinski reflexes were prominent There were 
no other neurologic signs 

Laboratoiy Studies — There was time for only a 
lumbar puncture, which gave the following results 
The fluid was purulent, with 34,000 cells per cubic 
millimeter, mostly polymorphonuclear leukocytes, and 
the sugar was diminished Smear of the spinal fluid 
demonstrated many gram-positive cocci in pairs and 
short clusters Culture of the spinal fluid revealed a 
streptococcus with alpha hemolysis Culture of the 
blood at this tinje showed no growth 

Comse — Treatment was started with 2 5 Gm of sul- 
fadiazine, intravenously injected, and fluids adminis- 
tered parenterally, but the coma deepened , the tempera- 
ture rose to 104 F , breathing became gasping, and the 
patient died with a terminal convulsion seven hours 
after her admission 

Postmortem Examination — The only significant ob- 
servations pertained to the heart and brain The heart 
weighed 150 Gm (approximately the usual size and 
weight) and presented the classic tetralogy of Fallot, 
with {a) dextroposition of the aorta, (h) pulmonarj' 
stenosis, with a valvular lumen 0 3 cm in diameter, 
(c) cor pulmonale, tlie right ventricle measuring 1 2 
cm in thickness as compared with the thickness of 
tlie left ventricle of 1 cm and (d) an o\al defect 
1 by 12 cm , lying in the tendinous portion of the 
interventricular septum The brain weighed 1,300 Gm 
(slightly increased in size and weight) The surfaces 
W'ere flattened, with increased vascularity of the lepto- 
menmges and narrowing of the sulci There was a 
definite edema of the left cerebral hemisphere, with 
widening of this hemisphere The base of the brain 
was co\ered w'lth a lajer of yellow'-whife purulent 
exudate In the left paneto-occipital lobe there x as 
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an abscess cavity, thin walled, up to 2 cm in diam- 
eter occupying chiefly the central and convolu- 
tional white matter At one point the abscess had 
extended to within 0 2 cm of the pia, and at another 
point it had ruptured into the posterior horn of the 
left lateral \entncle, producing a \entricular empyema 
and meningitis 

Microscopically, the abscess cavity was filled with 
purulent exudate containing many demonstrable cocci 
The abscess wall was thin and poorly formed, showing 
active proliferation of fibroblasts No thrombosed ar- 
teries or veins were demonstrable, nor were there any 
other lesions in the brain suggestue of infarcts or 
hemorrhages 

The remainder of the observations made at autopsy 
were not .pertinent to the present discussion save for 
the fact that no foci of infection were found anywhere 
else in the body, including extremities, lungs, middle 
ears and sinuses 

Bactcriologic Studies — There w'as no growth in the 
cultures of the heart blood or the lungs The culture 
of the brain abscess grew streptococci with alpha he- 
molysis, fusiform bacilli and Borrclia vincenti The 
culture of the spinal fluid grew streptococci w'lth 
alpha hemolysis 

Comment — This case is tjpical of tlie disease com- 
plex in one of its more confusing manifestations — a 
brain abscess containing, besides streptococci with alpha 
hemolysis, obvious oral organisms, namely, fusiform 
bacilli and spirochetes No path of extension from 
the oral ca\itj to the brain or recognizable origin for 
infected emboh could be found 

Casp 2 — A 19 year old married Negro woman en- 
tered the hospital on Aug 28, 1936 for the fourth 
time 

In 1926, at 9 years of age, she injured h* right hip 
by a fall and was subsequently hospitalized for drain- 
age of the hip joint An uneventful recovery followed, 
with no further symptoms referable to this infection 

Approximately three to four years later in a routine 
examination her mother was found to have a positive 
Wassermann reaction, and the patient was likewise 
found to have a positive reaction She received regu- 
lar and adequate antisyphilitic treatment until she was 
discharged as cured 

In 1934 she again entered the hospital, because of 
failing vision A diagnosis of bilateral cataracts was 
made, and at the same time the patient was found to 
be diabetic The diabetes was controlled by diet and 
insulin 

Her fourth, and final, admission was initiated by an 
incidental acute glossitis At this time she admitted 
that she had stopped taking insulin several months 
before reentering the hospital 

In the course of the physical examination at the time 
of her admission, intense cyanosis of the mucous mem- 
branes with clubbing of the finger tips and toes was 
noted Questioning revealed that the patient had noted 
these changes since childhood, but she disclaimed any 
knowledge of heart disease or any symptoms referable 
to cardiac decompensation 

Physical Examination — She was an alert, well ori- 
ented, cooperative Negro woman with the obvious 
cyanosis and clubbing of finger tips and toes already 
mentioned The margins of the gums were retracted, 
and the tongue was edematous and covered with irreg- 
ular patches of exudate The heart was not enlarged 
The pulse rate was 120 with regular rh 3 rthm, and a 
continuous machinery murmur was heard best over 


the second left interspace The abdomen was normal 
Deep tendon reflexes of the lower extremities were 
absent, but sensation, pain and vibratory sense were 
within normal limits 

Laboratoiy Studies — ^The only important results of 
laboratory tests were a hemoglobin content of 122 to 
128 per cent, a red blood cell count of 7,000,000 cells per 
cubic millimeter and a white blood cell count of 5,100 
cells per cubic millimeter The blood sugar was 308 
mg per hundred cubic centimeters, and the urine was 
essentially normal save for a 4 plus reduction of sugar 
with traces of acetone Culture of material from the 
mouth demonstrated pneumococci, Streptococcus viri- 
dans, Micrococcus catarrhalis and Staphylococcus 
aureus 

Com jc— With a diet supplemented by 40 units of 
regular insulin daily the hyperglycemia and glycosuria 
were gradually controlled The patient was well and 
ambulatory by the fifth day in the hospital but was 
asked to remain in order that her diabetes might be 
more carefully controlled On the fifteenth day, after 
she had received 50 units of insulin, clonic convulsive 
mo\emcnts of the left arm suddenly developed Since 
it was assumed that the neurologic seizure was a reac- 
tion to the insulin, the dose was lowered to 40 units 
the next day but was again followed by a similar 
incident, witli a residual weakness of her left arm 
and leg and a slight weakness of the left facial muscles 
On the following day, the hemiplegia was well defined 
Lumbar puncture at this time yielded a slightly cloudj 
fluid under no eleiation in pressure, having 250 white 
blood cells per cubic millimeter, 92 per cent of ivhicb 
were polymorphonuclear leukocytes Twenty-four hours 
later there was noticeable stiffness of the neck The 
spinal fluid was now grossly cloudy, containing 3,000 
white blood cells per cubic millimeter with 87 per cent 
polymorphonuclear leukocytes On the next day, the 
third since the onset of signs referable to the central 
nervous system, the patient w'as in deep coma with 
obvious fulminating meningitis and hemiplegia of the 
left side Culture of the cerebrospinal fluid now re- 
vealed an atipical streptococcus with alpha to gamma 
hemolysis Cultures of the blood repeatedly showed 
no growth The rapidly progressne course of the 
disease could not be altered by any therapy, and she 
died nineteen days after her admission and four days 
following the onset of the signs and symptoms referable 
to the central nervous system 

Postmortem Examination — The only observations of 
significance were in the mouth, heart and brain The 
gums were soft, necrotic and spongy, showing areas 
of frank exudation The heart weighed 280 Gm and 
was slightly increased m weight but extremely increased 
m size There were multiple congenital defects present 
which constituted the tetralogy of Fallot, together with 
a patent ductus arteriosus The right ventricle mea- 
sured 1 8 cm in thickness, in contrast to the thickness 
(15 cm ) of the left ventricle In the interventricular 
septum there was found a circular defect, 2 cm m 
diameter, lying just below the aortic valve ring The 
pulmonary valve orifice was completely occluded by 
a membranous septum The ductus arteriosus was 
widely patent, with a diameter of 15 cm The aorta 
was dextroposed and was so situated as to receive 
blood from both the right and the left ventricle 

The brain weighed 1,080 Gm , was decreased m 
size and weight and showed evidence of considerable 
cerebral edema as demonstrated by the flattening of 
convolutions and obliteration of the sulci The sub- 
arachnoid space contained yellow-green purulent exu- 
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date, distributed most heavily ovei the left cerebral 
hemisphere and base of the brain Within the right 
panetO'OCcipital lobe there was a roughly spherical 
cavity, 4 cm in diameter, filled with thick purulent 
exudate, communicating with the lateral ventricle 

(fiff 1) 

The remaining organs were essentially normal save 
for slight bilateral bronchopneumonia of the lower lobes 
of the lungs 

Microscopically, sections of the right hemisphere evi- 
denced a fairly recent brain abscess, showing slight 
fibrosis of the wall The meninges contained a sparse 
infiltration of lymphocytes and polymorphonuclear 
leukocytes No organisms were seen in the tissue 
sections of the brain abscess and meninges The gross 
diagnosis of bronchopneumonia was confirmed by char- 
acteristic microscopic appearance of focal areas of 
infiltration with polymorphonuclear leukocytes about 
widely scattered bronchioles 

Bacteriologic culture of the meninges showed no 
growth, perhaps because of the sulfonamide medication 

Cominmt — ^This case presented an unusual oppor- 
tunity for following the course of the disease from its 
very inception The patient was in the hospital for 
incidental reasons when localizing neurologic signs sud- 



Fig 1 — ^The abscess is represented by the irregularly 
shaped cavity just above and communicating with the 
posterior horn of the lateral ventricle The central 
white matter above and lateral to the cavity is softened 
and hemorrhagic The apparent enlargement of the right 
parietal lobe is due to cerebral edema 

denly developed The suddenness and the dramatic 
character of the onset led clinical observers to the con- 
clusion either tliat a cerebral embolism, primaiy site 
unknown, had developed or that there was an mtra- 
vasculai thrombosis, initiated by the maiked poly- 
cythemia The time relation of the first comulsive 
seizures with the administration of the insulin raised 
some question as to the role that the insulin might have 
played m the cause of this symptom complex 

The possibility of the development of a brain abscess 
was apparently not considered, although many features 
of this case were suggestive of this complication Al- 
though no obvious focus for the origin of septic emboli 
could be found either clinically or pathologically, the 
infections of the mouth and lungs must both be con- 
sidered as possible points of origin 

This case is characteristic of others in this group, 
illustrating the unheralded development of a cerebral 
abscess in a patient ivith the tetralog> of Fallot, with 
rupture of the abscess into a \entricle producing fatal 
meningitis 

Case 3 — A 20 j ear old w lute woman was transferred 
to the Boston Citj Hospital on July 20, 1942 from a 


neighboring hospital, with the diagnosis of acute purulent 
meningitis and congenital heart disease 
The patient was known to have had “heart trouble” 
since birth, with blueness of the extremities and dyspnea 
on slight exertion 

At 10 years of age she had several bouts of “growing 
pains,” but the condition was considered too minor to 
Avarrant medical consultation 
In 1934, two years later, the pain in the legs recurred, 
and she was admitted to the Massachusetts General Hos- 
pital, where a diagnosis was made of rheumatic heart 
disease superimposed on a congenital defect of the heart 
With the exception of her severe exertional dyspnea, 
she was asymptomatic for the next six years 
Two weeks before her last admission to the hospital, 
on July 20, she began to experience intermittent head- 
aches, which became constant four days before she en- 
tered the hospital These headaches were accompanied 
by nausea and projectile vomiting Although she be- 
lieved that she had had some fever, she said that she 
had not experienced any chills She complained of a 
slight stiffness of the neck and appeared to show inter- 
mittent periods of mental confusion 

Physical ExaminaUon — On her admission she ap- 
peared restless, somewhat irrational and acutely ill 
There was a definite cyanosis of the face, lips and nail 
beds There was slight injection of the ear drums 
bilaterallv, and the neck was rigid 
The heart rate was 104 with a gallop rhythm heard 
over the entire precordium The pulmonic second sound 
was loud and snapping, with a soft, blowing systolic 
murmur heard along the left border of the sternum 
This murrtfur was heard loudest at the third left inter- 
space The spine was hyperextended, with active resis- 
tance to attempted flexion Kernig reflexes were elicited 
bilaterally The ankle and abdominal reflexes were ab- 
sent The fingers and toes showed pronounced clubbing 
Laboratory Studies — In the time available only a lum- 
bar puncture was performed, which yielded cloudy fluid 
under increased pressure, containing 330 mg of protein 
per hundred cubic centimeters and many white cells, 
chiefly polymorphonuclear leukocytes No bacteria were 
seen 

Coutse — Her temperature continued to rise (to 105 
F ) despite the administration of sulfonamide compounds 
Nine hours after her admission, although no growth 
from the culture of the spinal fluid had been obtained, an 
empiric intrathecal injection of antimeningococcus 
serum was given She was transferred to the Boston 
City Hospital, department of contagious diseases, where 
the results of physical examination were identical with 
those just given, except that the blood pressure now 
was 60 systolic and 0 diastolic, with a weak thready, 
rapid pulse Despite all supportne measures, she died 
within twenty-four hours 

It may, be noted that at no time did a culture of the 
spinal fluid reveal organisms, although on one occasion 
gram-negative cocci were reported to have been seen 
on smear 

Postmortem Eramuiaiwu — Again the only pertinent 
observations related to the heart and brain The heart 
weighed 350 Gm (slightlj increased in size and weight) 

It presented, again, the complex of congenital cardiac 
malformations known as the tetralogy of Fallot, with a 
defect 1 by 1 5 cm of the interi entncular septjim, dextro- 
position of the aorta, pulmonary stenosis and cor pul- 
monale 

The ductus arteriosus wac, likewise, widely patent 
The right a entncle measured 1 cm in thicknes', c' actly 
equal to the thickness of the left a entncle 
The brain aa’os also similar in many respects to those 
previously described and weighed 1,440 Gm It .aas 
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intensely congested, showing over its sulci and vascular 
channels a yellow-green purulent exudate Coronal 
section revealed a small abscess cavity 1 cm in trans- 
verse diameter and 5 cm in length in the left superior 
temporal convolution It contained a thick green 
exudate enclosed m a firm, apparently fibrous wall At 
one point in its extent, the abscess could be seen to 
communicate with the lateral ventricle and subarachnoid 
space (fig 2) All ventricular cavities were filled with 
thick purulent exudate 

Microscopic examination of the brain sections demon- 
strated the abscess wall to be well formed, containing 
many fibroblasts and newly formed blood vessels An 
inflammatory tract could be seen to communicate with 
the lateral ventricle 

Bacteriologic Study — A smear of the exudate, while 
demonstrating many white blood cells, showed no or- 
ganisms, and the culture of the memnges revealed no 
growth 

Conivient — Case 3 bears a great similarity to case 1 in 
that in a patient with known congenital heart disease 
signs of meningitis insidiously developed, which rapidly 
led to her death As in the previous cases, the under- 
lying brain abscess was completely unsuspected 



Fig 2 — The abscess cavity is situated in the left 
superior temporal gyrus and extends from the cortex 
almost to the body of the lateral ventricle in this plane 
of section 

COMMENT 

It IS interesting to note that in cases 1 and 3 
the fatal illnesses were initiated by the insidious 
development of lethargy, drowsiness and head- 
aches, progressing to signs of frank meningitis 
and death 

Case 2, on the contrar}, was somewhat more 
confused by the simultaneous occurrence of 
diabetes and other incidental conditions In this 
patient tlie fatal illness was initiated by sudden 
seizures resembling reactions to insulin, and it 
was not until the day before her death that 
meningitis became clinically apparent 

Despite the fact that in 2 cases the terminal 
illnesses de\ eloped insidiously and in the third 
somewhat acutely, all 3 cases present good 
illustrations of this not rare complication of 
congenital heart disease, namely, the develop- 
ment of a brain abscess The unexpected onset 
in a patient with congenital heart disease of 
signs and symptoms pointing to a lesion of the 


central neivous system of a focal type, which 
when untreated leads to frank meningitis and 
sudden death, may well indicate the development 
of a cerebral abscess with subsequent rupture 
of it into the cerebral ventricular system 
While practically all varieties of septal defects 
have been associated with brain abscess, the 
complex known as the tetralogy of Fallot is by 
far the most common, occurring in 10 out of 21 
cases of this complication reported in the litera- 
ture and in all 3 cases of this report, a total 
of 13 out of 24 cases 

In the cases reported here two abscesses oc- 
curred in the left side and one in the right side 
The precise pathogenesis of brain abscesses 
occurring in patients with septal defects of the 
heart is not known However, many closely 
related facts wdiich throw considerable light 
on the problem are known I may begin by 
stating that there are only three known mecha- 
nisms by which brain abscesses may develop 
m any patient (a) direct extension from some 
neighboring infection, such as mastoiditis or 
osteomyelitis of the skull, (b) retrograde throm- 
bophlebitis from some source similar to that 
just mentioned and (c) some embolic phe- 
nomenon from a distant focus of infection In 
the preceding cases it was definitely established 
that the brain abscesses could not have arisen 
from nearby infections , hence, it must be assumed 
that they were embolic in origin 

Contrary to common belief, it is now well 
established by the work of Malinovski^ and 
others that simple implantation of organisms 
into the brains of animals, either by infection 
of the blood stream or by direct inoculation, will 
not give rise to brain abscess Equally well 
known is the fact that in animals abscess can 
be produced in the brain only by prior injury 
to the brain substance or its vascular supply 
followed by the implantation of organisms into 
the site of injury Many technics have been used 
by Markley,® GratT,® Thomas,’' Falconer, Mc- 
Farlan and Russell ® and others to produce 
these abscesses, all of them based on the 

4 Malinovski, N Ueber kunstlich erzeugte Gehirn- 
abscesse, Centralbl f d med Wissensch 29 162, 1891 

5 Markley, G M A Method for the Experimental 
Production of Brain Abscesses, Proc Soc Exper Biol 
& Med il 171 (May) 1941 

6 Graff, R A Experimental Production of Ab- 
scess of the Brain in Cats, Arch Neurol & Psychiat 
31 199 (Jan ) 1934 

7 Thomas, L A Single Stage Method to Pro- 
duce Brain Abscess in Cats, Arch Path 33 472 (April) 
1942 

8 Falconer, M A , McFarlan, A M , and Russell, 
D S Experimental Brain Abscesses in the Rabbit, 
Bnt J Surg 30 245 (Jan ) 1943 
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theoiy just mentioned The agents used to 
produce the initial injury vaiy from trauma by 
mechanical injury to injection of sodium ricin- 
oleate and infected agar mass, the latter agent 
acting both as a foreign body and as an infectious 
agent The injury has been either accompanied 
with or followed by the direct implantation of 
organisms into the traumatized site It theiefore 
seems reasonable to assume that brain abscesses 
associated with septal defects of the heart must 
simply be a result of paiadoxic emboli in the 
brain, either sterile or infected, producing an 
area of lowered resistance, followed m the former 
instance by bacteiemia which infects the area 
of encephalomalacia In this regaid, it is to 
be hoped that study of a larger number of these 
cases may reveal instances of encephalomalacia 
prior to their infection by organisms spread 
through the blood stream This hypothesis has 
previously been discussed by Hanna and others 
Unfortunately, it has been difficult in our cases 
here and in most of the previously reported 
cases to demonstrate adequate origins for the 
emboh and the transient bacteremia However, 
this failure does not necessarily completely 
invalidate this working hypothesis, because it 
may be impossible in certain cases to demonstrate 
origins for many embolic phenomena, and the 
bacteremia may have been so transient as to 
have passed entirely undetected 

In the hope that it might be possible to sub- 
stantiate experimentally the assumption that 
abscess results from embolism followed by in- 
fection, experiments were carried out on rabbits 
in which attempts were made to produce focal 
areas of encephalomalacia by injection of par- 
ticulate matter into the internal carotid artery, 
followed in ten to twelve days by the intravenous 


injection of virulent cultuies of organisms 
These experiments weie similar to the woik 
of Graff Inasmuch as great difficulty was en- 
countered in the production of small focal in- 
faicts with these technics, I attempted to 
traumatize the brain substance directly by instiu- 
mentation and injection of sodium iicinoleate 
and followed this at an interval by the intravenous 
injection of virulent cultures of Staph aureus, 
Escherichia coli and alpha hemolytic streptococci 
These attempts, as were those of Stewait cited 
by Giaff,” were all unsuccessful, inasmuch as 
the areas of injury did not become abscessed 
However, the number of experiments peifoimed 
was too few to permit final decision, and more 
work IS in pi ogress along this line 

SUMMARY AND CONCLUSION 

Thiee cases of cerebral abscess complicating 
congenital septal defects of the heait are added 
to those pieviously reported, bunging the total 
number of such cases m the literature to date 
to 26 In only 3 cases in the literature has an 
antemortem diagnosis of the disease been made 
and surgical diamage been instituted, a piopor- 
tion which reflects principally the difficulty in 
diagnosis, arising in most instances fiom un- 
famiharity with this complication of septal de- 
fects of the heait 

With the increased number of cases leported, 
It is to be hoped that in patients with congenital 
heait disease, especially m those having the 
tetralogy of Fallot, underlying brain abscess will 
be considered in the diagnosis of any focal neuro- 
logic damage or meningitis Cei tainly only early 
recognition will permit successful surgical inter- 
vention and hope for cuie of this uncommon 
syndrome 
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The exact mechanism responsible for the 
maintenance of an equihbiium between produc- 
tion and destruction of blood m the normal per- 
son IS not entirely understood, but it has become 
an almost established fact that the oxygen tension 
of the circulating blood is an important factor m 
regulating the degree of hemopoietic activity 
Since the observations of Beit^ and Viault,^ in 
the second half of the last century, it has been 
customary to refer to the polycythemia found in 
human beings and animals exposed to a low 
barometric pressure as the classic example of the 
stimulating effect of oxygen deficiency on 
erythrocyte and hemoglobin formation The 
demonstration by Barcroft and his collaborators ^ 
m 1923 that newcomers and residents at high 
altitudes exhibit a lowering of the arterial oxygen 
saturation as a consequence of the low oxygen 
tension in the inspired air opened a most feitile 
field for the accuiate study of the relationship 
between the degree of anoxia and the hematologic 
response However, the opportunity has not been 
adequately appreciated, and most studies at high 
altitudes have been carried out on human beings 
or animals subjected for only a few hours or days 
to such an abnormal environment It does not 
need to be emphasized that the results obtained 
in these observations, as well as in short time 
experiments in chambers where the pressure or 
the percentage of oxygen is artificially lowered, 
do not reveal the true nature of the processes of 
hematologic adaptation to a constant or intermit- 
tent deficiency in the oxygen supply to the tissues 
The degree as well as the duration and constancy 
of the anoxic stimulus must play a part m in- 

Aided by a grant from the Rockefeller Foundation 

From the Department of Pathological Physiology, 
Faculty of Medicine, and the National Institute of 
Andean Biolog 3 ' 

Read in part by Dr Hurtado at the Ninety-Third 
Annual Session of the American Medical Association, 
Atlantic Cit>% N J , June 8, 1942 

1 Bert, P La pression barometnque, Pans, G 
Masson, 1878 

2 Yiault, E Compt rend Acad d sc 112 295, 
1891 

3 Barcroft, J , Binger, C H , Bock, A V , Dog- 
gart, J H , Forbes, H S , Harrop, G , Meakins, J C , 
and Redfield AC Tr Ro\ Soc , London, sB 211 
351, 1923 


fluencmg the hemopoietic activity A moie 
ample knowledge of these modifying factors not 
only may be of value from the point of view of 
exposure to a low barometric pressure but may 
help to clarify some related clinical problems 
Anoxia in one form or another is an alteration 
common to many pulmonary, circulatory, hematic 
and other diseases m which the blood findings 
have been partially or totally related to the dis- 
turbance in respiratory function In other pioc- 
esses, like polycythemia vera, anoxia is sus- 
pected to have an important etiologic lole, but 
conclusive proof has not been afforded yet 

The investigations to be i eported m this papei 
concern the morphologic and other characteiistics 
of the circulating blood under the influence of 
temporary, intermittent and chronic anoxic 
anoxia (anoxemia) Most of the woik has been 
earned out at high altitudes (chart 1), and the 
results obtained have been compared with those 
observed in the study of healthy subjects at sea 
level and in previous related investigations No 
attempt has been made to cover all the vast litera- 
ture accumulated m this field, which has been 
lecently summarized by Van Liere^ 

METHODS 

All determinations have been made on blood taken 
in the morning while the subject was fasting or after 
he had eaten a light breakfast Fifteen to twenty cubic 
centimeters of blood was obtained from a venous punc- 
ture, care being taken to release the tourniquet as soon as 
the needle was introduced, and 5 cc was transferred 
to a small bottle containing 10 mg of potassium oxa- 
late in powder The rest of the blood was utilized for 
the determination of the serum bilirubin in its total 
amount ® or in fractionated forms , for the latter inves- 
tigation the Malloy-E^ elyn photoelectric colorimetric 
procedure ® was used, and the serum proteins by means 
of the refractometric index and the Kagan falling drop 
method • On the 5 cc of oxalated blood the following 
determinations were made (o) number of erythrocytes 
and of leukocytes per cubic millimeter, a double 
Neubauer counting chamber being used, and the aver- 
age of two counts taken as the final result, (6) number 
of reticulocj tes (per hundred red cells and per cubic 


4 Van Liere, E J Anoxia Its Effect on the Body, 
Chicago, University of Chicago Press, 1942 

5 Barron, E S G Medicine 10 77, 1931 

6 Malloy, H T, and Eiehn, K J Biol Oiem 
119 481, 1937 

7 Kagan, B kl J Clin Investigation 17 373, 1938 
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millimeter), brilliant cresyl blue being used as stain, 
(c) the hematocrit value, measured with a Wintrobe tube 
which was centrifuged for forty-five to sixty minutes at 
about 3,000 revolutions per minute in an International 
size 1 type SB centrifuge (the hematocrit figure was 
multiplied by 1 09 to correct for the shrinkage due to 
the anticoagulant used), and {d) hemoglobin (grams per 
hundred cubic centimeters), estimated either by measur- 
ing the oxygen-combining capacity of the blood in the 
Van Slyke manometric apparatus ® or by employing 
the Evelyn photoelectric colorimeter previously cali- 
brated with the former method Capillary blood was 
obtained immediately after the venous puncture, from 
a finger or the lobe of the ear From this sample a 
smear was made and stained with Wright s stain , this 
was used for the determination of the differential leuko- 
cyte count, according to Schilling’s scheme,® and for 
the measurement of the diameter (microns) of the red 
cells For the latter determination a calibrated ocular 
micrometer was used A total of 300 cells were measured 
in each case, with the exception of some studied at the 
highest altitude, in which only 100 to 200 cells were 
measured, owing to the difficulties of obtaining an ade- 
quate smear For a few subjects these investigations 
were made on the sample of venous blood The mean 
corpuscular volume (cubic microns), the mean corpus- 
cular hemoglobin (micromicrograms) and the mean cor- 
puscular hemoglobin concentration (per cent) were 
calculated according to Wintrobe’s formulas The 
mean corpuscular thickness (microns) was calculated, 
indirectly, by means of the formula 

mean corpuscular volume 
3 1416 X 

in \\hich D, equals the mean corpuscular diameter The 
mean corpuscular surface area (squaie microns) was 
calculated from the formula 

(^X2) + (3 1416XTXd) 
in which V represents the mean corpuscular volume, 
T the mean corpuscular thickness and D the mean cor- 
puscular diameter The spherocytic index was derived 

- mean corpuscular thickness 
from Heilmeyer S ^ foimula, corpuscular diameter 

The fragility of the red cells to hypotonic solutions 
of sodium chloride was studied in some subjects by the 
method of Giffin and Sanford At high altitudes the 
viscosity of the blood was determined by means of a 
Hess viscosimeter and distilled water for compaiison 
In a few cases the gastric acid content was investi- 
gated, SO cc of a 7 per cent alcoholic solution orally 
administered and a subcutaneous injection of 0 5 cc of 
histamine phosphate solution being used as stimulants 
for the gastric mucosa 

The total circulating blood i olume was determined in 
most cases by the method of Keith, Rowntree and 
Geraghty,^® with the modifications of Hooper, bmitli, 

~ 8 Peter^,'j P , and Van Slyke, D D Quantitative 
Clinical Chemistry II Methods, Baltimore, Williams 
& Wilkins Company, 1932 

9 Schilling, V El cuadro hematico y su valor cn 
la clmica, Barcelona, Editorial Labor, 1931 

10 Wintrobe, M M J Lab & Chn Med 17 889, 
1932 

11 Heilmeyer, L Deutsches Arch f klin kled 
17 292, 1936 

12 Todd, J C Clinical Diagnosis by Laboratory 
klethods, Philadelphia, W B Saunders Company, l92o 

13 Keith, N M , Rowntree, L G, and Geraghty, 
J T A Method for the Deteimination of Plasma and 
Blood Volume, Arch Int Med 16 547 (Oct) 1915 


Belt and Whipple A 15 per cent solution of bril- 
liant vital red was emplojed In a smaller group of 
cases, at sea level and at high altitudes, Evans blue 
was employed m the determination, according to the 
technic of Gibson and Evans Five samples of blood 
were obtained at Icnown intervals after the injection, 
and the concentration of the dye w'as observed bj means 
of the Evelyn photoelectric colorimeter, with use of the 
microabsorption cell described by Evelyn and Gibson^® 
The carbon dioxide content and the oxygen saturation 
of the arterial blood were determined in blood obtained, 
with the usual precautions to avoid exposuie to the 
air, from the radial artery The blood w^as kept under 
mercury and at a low' temperature when several hours 
elapsed before the analysis The determinations were 
carried out according to the method of Van Slyke and 
Neill 8 in their manometric apparatus 

NORMAL HEMATOLOGIC VALLES AT SLA LEVEL 

A consideiable number of obseiv dtions made on 
health)^ male adults in different paits of the 
world, which have been levuewed by seveial in- 
vestigators^" and are summaiized m table 1, 
liav^e demonstrated that there are not definite 
geographic or lacial diffeiences at sea level in 
regard to the numbei of i ed cells and the amount 
of hemoglobin in the circulating blood, a fact 
pointed out by Wmti obe some yeai s ago \\"e 
have made observations on 200 healthy men 
living in Lima, at sea leveP® The lesults ob- 
tained foi half of these subjects hav'e ahead} 
been published Most of the men studied w ei e 
medical students, and a few belonged to the aimy , 
their ages v^aned between 19 and 45 yeais, with 
the large majoiity between 20 and 30 yeais 
Ninety of the men had been boin and raised at 
sea level, and 110 weie nativ'-es of places located 
at altitudes over 2,000 meters (7,560 feet) and 
had Iwed at sea lev^el foi periods varjing fiom six 
months to many years In the analysis of the 
collected data no appieciable diffeience vv^as found 
between the v^alues foi men boin at sea level and 

14 Hooper, C W , Smith, H P , Belt, A E, and 
Whipple, G H Am J Phj’-siol 51 205, 1920 

15 Gibson, J G, and Evans, W A J Clin Inves- 
tigation 16 301, 1937 

16 Evelyn, K, and Gibson, J G J Biol Cheni 
122 391, 1938 

17 (a) Wintrobe, M M Bull Johns Hopkins Hosp 

53 118, 1933 (b) Nelson, C F, and Stoker, R Folia 

haemat 58 333, 1937 {c} Isaacs, R The Er\ throcj tc 
in Downey, H Handbook of Hematologj, New York, 
Paul H Hoeber, Inc , 1938 (d) Mj'ers, C V , and 

Eddj, H M J Lab L Clin Med 24 502, 1939 (c) 

Meccheri, L A Publ d Centro de invest tisiol 4 83, 

1940 (/) Wardlaw, H S H kl J Australia 2 103, 

1941 (<7) Hamrc, C T , and Au, H T Lab & 
Clin Med 27 1231, 1942 

IS Lima IS located at an altitude of 150 meters (490 
feet), from the point of view of the studies reported 
in this paper, this mav be considered as sea level 

19 Hurtado, A , Pons, kl J , and klcrino, M C 
La anemia de la enfermedad dc Carrion, Liim Peru, 
Libreria e Iinprenta Gd 193^ 
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those for men born m high localities, provided 
that the latter had been living at sea level for a 
prolonged time In consequence the findings for 
both groups are given together in table 2 On the 
other hand, men who had been born at high 
altitudes and had been living in Lima for only a 
few months frequently showed a moderate reduc- 
tion in red cells and hemoglobin For this reason 


obtained in different parts of the world, and the 
statistical variations are not higher than the ones 
ordinarily found in such determinations The 
values corresponding to some of the morphologic 
characteristics of the circulating erj^throcyte 
(mean corpuscular volume, hemoglobin and 
hemoglobin concentration) also agree closely 
with those observed by Wmtrobe^® and other 


Table 1 — Aveiage Values for Red Blood Cells and Hemoglobin at Sea Level m Healthy Men Summary of 

Literature Reviewed by Several Authors 





Red Blood Cells, 

Hemoglobin, 

Investigators 

Place 

Number of 

MiUlons per 

Gm per 

Subjects 

Ou Mm 

lOOCc 

Goldhamer and I^tzell 

USA 

100 

4 72 

14 0 

Walters 

USA 

100 

484 

151 

Emerson 

USA 

171 

644 

161 

Wintrobe and Miller 

USA 

100 

'•>85 

17 0 

Wintrobe 

USA 

86 

5 48 

16 0 

Haden 

USA 

70 

4 95 

15 3 

Osgood 

USA 

259 

5 42 

15 8 

Osgood and others 

USA 

137 

5 39 

16 8 

Foster and Johnson 

USA 

115 

5 26 

16 6 

Isaacs and Fxitzell 

USA 

57 

508 

15 2 

Sachs, Eevine and Fabian 

USA. 

100 

488 

16 0 

Kelson and Stoker 

USA 

350 

611 

16 0 

Broun and Briggs 

USA 

23 

629 

16 6 

Epstein 

USA 

42 

4 93 


WiUiamson 

USA 

140 


17 0 

WiUiamson 

USA 

81 


15 8 

mu 

USA 

40 


15 6 

Price Jones 

USA 

20 


15 4 

Haden 

USA 

20 


15 2 

Haden 

USA 

20 ' 


15 8 

Myers and Eddy 

USA 

111 


15 7 

Eowntree and Brown 

USA 

49 


16 4 

Kaltreider, Hurtado and Brooks 

USA 

25 


16 2 

Fiddes and Whitney 

Canada 

20 

6 52 

16 6 

Parodi 

Argentma 

50 

6 50 

15 4 

Tenconi 

Argentina 

60 

6 80 

14 8 

On as 

Argentma 

82 


16 3 

Onas 

Argentina 

321 


14 3 

Onas 

Argentina 

307 


14 6 

Gargiulo 

Argentina 

61 


15 6 

Gargiulo 

Argentina 

944 


16 2 

Gargiulo 

Argentina 

128 


17 0 

Mecchen 

Argentma 

227 


16 4 

Hurtado, Pons and Merino 

Peru 

100 

6 26 

157 

Price-Jones, Vaughan and Goddard 

England 

100 

6 60 

14 5 

Price Jones and others 

England 

lOO 

6 43 

14 5 

McGeorge 

England 

50 

6 48 

15 2 

Jenkins and Don 

England 

116 


15 8 

Bmg 

Denmark 

22 

610 


Beirring and Sorensen 

Denmark 

60 


14 9 

Jervell and Waaler 

Norway 

60 

6 52 

16 2 

Lmnhergh and others 

Norway 

61 

527 


Burgi 

Switzerland 

224 

600 

16 0 

Millet and BaUe Helaers 

Belgium 

60 

390 

13 3 

Jimenez Diaz 

Spain 

18 

488 


Ales 

Spain 

40 


14 9 

Eomocki 

Poland 

33 

584 


Heilmeyer and Hansold 

Germany 

40 

606 

16 9 

Homelier 

Germany 

40 

496 

16 0 

Kapier and Das Gupta 

India 

60 

6 36 

14 8 

Sokhei and others 

India 

121 

511 

15 4 

Sankaran and Rajagopal 

India 

125 


16 7 

Napier and Nanjumdar 

India 

25 


12 6 

Chia Tu Tien 

Ohma 

320 

512 

161 

Hamre and Man Hing Au 

Hawaii 

137 

608 

Ohamberlain 

Philippine Islands 

687 

5 20 

141 

Navarro 

Philippine Islands 

104 


Wardlaw and others 

Australia 

25 


151 

Wardlaw 

Australia 

26 


16 8 

Grand mean ±F E 



523±004 

15 4 ± 0 07 


the results obtained for 25 natives of high alti- 
tudes ^\lth a period of residence at sea level of 
less than a } ear have been separately summanzed 
(table 3) 

The mean \ alues for number of red blood cells 
per cubic millimeter, grams of hemoglobin per 
hundred cubic centimeters and hematocrit level 
(percentage of red cells) in the blood of the 
series of 175 healthy men are similar to those 


investigators There is some discrepancy in the 
results found by several workers in regard to the 
normal diameter of the red blood cells The 
related literature has been summarized by Price- 


20 Wintrobe, M M Anemia Classification and 
Treatment on Basis of Differences in Average Volume 
and Hemoglobin Content of Red Corpuscles, Arch Int 
Med 54 256 (Aug) 1934 
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Jones and recently by Isaacs The mean 
observed values vary between 7 20 and 7 90 mi- 
crons (measured m diy stained preparations) 
Our mean value of 7 48 ± 0 01 microns falls 
within the accepted normal limits of variation 
The coefficient of variation of 2 0 per cent indi- 
cates an extremely small fluctuation of the mean 


shek and Singer have indicated a normal lange 
of 1 9 to 2 4 microns Our mean value, of 2 09 
± 0 01 microns, relates closely to such findings, 
but it IS higher than the low values reported by 
Emmons and Gram,^° who used entirely dif- 
ferent methods in the measurement Guest and 
Wing and Bernstein and Chesluk^" recently 


Table 2 — Observations on Blood of Healthy Men at Sea Level 


Determmations 

Number of 
Subjects 

Mean dt P E 

St Dev d:P E 

CoelBcient 
of Varla 
tion (%) 

Extreme 

Variations 

Bed blood cells (millions per cu mm ) 

175 

6 14 0 02 

0 34 -4- 0 01 

66 

4 32 5 90 

Hematocnt (red cells, per cent) 

175 

46 8 -1- 0 11 

23-4-008 

4 9 

41 0 52 7 

Hemoglobin (grams per 100 cc ) 

175 

16 00 ±004 

0 80 ± 0 03 

60 

13 96 - 18 30 

Corpuscular mean volume (cu microns) 

176 

91 3 0 23 

4 6 0 16 

49 

77 8 - 103 1 

Corpuscular mean diameter (microns) 

130 

7 48 -f- 0 01 

0 16 -4- 0 01 

20 

710-78S 

(Corpuscular mean thickness (microns) 

130 

2 09 -4- 0 01 

0 12 -4- 0 01 

57 

1 75 - 2 43 

Corpuscular mean surface area (sq microns) 

130 

136 7 -4- 0 22 

3 8 -4- 0 14 

28 

126 3 - 145 3 

Spherocytic index 

130 

0 28 -4- 0 01 

0 01 -4- 0 004 

36 

0 23 - 0 33 

Corpuscular mean hemoglobm (micromierograms) 

175 

31 2 -4- 0 09 

19-4-006 

61 

27 0 35 6 

Corpuscular mean hemoglobm copcentration (iier cent) 

175 

34 1 ± 0 07 

1 4 ± 0 05 

4 1 

30 9 - 37 4 

Reticulocytes (per cent) 

93 

05-4-002 

0 3 -4- 0 01 

60 0 

0-12 

Reticulocytes (thousands per cu mm ) 

93 

18 4 -4- 0 94 

13 4 -4- 0 66 

72 8 

0 01 1 

Red blood cell fragility 

Initial hemolysis (per cent) 

38 

0 46 -4- 0 001 

0 01 -4- 0 001 

22 

0 48 0 40 

Total hemolysis (per cent) 

38 

0 38 it 0 002 

0 02 it 0 001 

62 

0 40 - 0 34 

Bilirubin, total * (mg per 100 cc ) 

03 

0 76 ± 0 03 

0 33 ± 0 02 

43 4 

0 41 - 1 61 

Bilirubin, total t (mg per 100 cc ) . 

92 

0 72 -4- 0 02 

0 27 0 01 

37 6 

0 20- 1 41 ' 

Bilirubin, direct f (mg per 100 cc ) 

Bilirubin, indirect t (mg per 100 cc ) 

02 

0 37 ±0 01 

0 15 -4- 0 01 

40 5 

0 IS - 0 94 

02 

0 36 ± 0 01 

0 16 ± 0 01 

45 7 

0 01 0 90 

Leukocytes (number per cu mm ) 

167 

6,800 ± 77 

1,480 ±54 

218 

3,480 14,840 

Differential leukocyte count 

Neutrophils, stab (per cent) 

70 

2 6 -4- 0 10 

13-4-007 

600 

0-6 

Neutrophils, segmented (per cent) 


65 1 ± 0 68 

78±041 

13 2 

38 70 

Neutrophils, total (per cent) 


678±063 

7 9 -4- 0 45 

13 7 

38-72 

Eosinophils (per cent) 


4 2 -4- 0 23 

2 9 ± 0 17 

69 0 

0 16 * 

Basophils (per cent) 


06-4-004 

.0 6 ± 0 03 

100 0 

0 2 

Monocytes (per cent) , 


7 2±0 20 

2 5 ± 0 14 

34” 

2-14 5 

Lymphocytes (per cent) 


29 8 ± 0 47 

69±0S4 

19 8 

18-49 

* Oolorimetne determination using a cobalt solution 

as standard ® 





i Photoelectric colorimetric determination, technic of Malloy-Eveiyn 

c 





Table 3 — Observations on Blood of Healthy Adult Men Born at High Altitudes and Studied 

After a Residence of Sir Months to a Year 

at Sea Level 





CoelHcIcnt 



Number of 



of Varla- 

Extreme 

Determinations 

Subjects 

Mean±P E 

fet Dev *+■ P £ 

tion (%) 

Variations 

Red blood cells (millions per cu mm ) 

25 

6 00 -K 0 04 

0 32 -4- 0 03 

04 

4 40 - 5 85 

Hematocrit (red cells, per cent) 

25 

44 0 ± 0 32 

24±023 

64 

37 5 - 49 1 

Hemoglobin (grams per 100 cc ) 

25 

14 70 ± 0 13 

100±009 

68 

12 26 - 17 00 

Corpuscular mean volume (cu microns) 

25 

88 8-1-062 

4 6 + 0 44 

62 

75 9 - 90 3 

Corpuscular mean diameter (microns) 

20 

746-4-003 

0 20-4-0 02 

27 

7 11 - 7 81 

Corpuscular mean thickness (microns) 

20 

202-4-002 

0 11 ± 0 01 

64 

1 S3 - 2 28 

Corpuscular mean surface area (sq microns) 

SO 

133 0-4-0 75 

6 0 0 53 

37 

124 7-143 5 

Spherocytic index 

20 

0 28 -4- 0 003 

002^-0002 

71 

0 21 - 0 32 

Corpuscular mean hemoglobin (micromierograms) 

25 

296-4-029 

2 2 -4- 0 21 

74 

25 7 - S3 6 

Corpuscular mean hemoglobin eoncentration (per cent) 

25 

33 4 -4- 0 16 

1 2 -4- 0 H 

30 

31 7 - SO 3 


corpuscular diameter in healthy men There are 
few observations m the literature conceinmg the 
thickness, surface area and spherocytic index of 
normal red blood cells Price- J ones, V aughan and 
Goddard,^" following a technic similar to the one 
used by us, found a mean corpuscular thiclmess 
of 2 14 microns in 100 healthy men, and Dame- 

21 Pnce-Jones, C Red Blood Cells Diameter, Lon- 
don, Oxford University Press, 1933 

22 Pnce-Jones, C , Vaughan, J jM , and Goddard, 
H M J Path & Bact 40 503, 1935 


found average values of 139 7 and 135 5 square 
microns, respectively, for the mean corpuscular 


23 Dameshek, W , and Singer, K Familial Non- 
hemolytic Jaundice Constitutional Hepatic Djsfunction 
with Indirect van den Bergh Reaction, Arch Int Med 
67 259 (Feb ) 1941 

24 Emmons, W F J Phjsiol 64 215, 1927 

25 Gram, H C Acta med Skandina\ 66 295, 1927 

26 Guest, G kf, and Wing, M J Chn In\csti- 
gation 21 257, 1942 

27 Bernstein, , and Chesluk, H M J I-ab S. 
Clin kled 27 1280 1942 



288 


ARCHIVES OP INTERNAL MEDICINE 


surface area, figures which approximate our 
mean value, of 136 7 ±: 0 22 It is interesting 
that this measurement, which is indirect and de- 
iived from others, has m our series of normal 
men a low coefficient of variation (2 8 per cent) 
Dameshek and Singer have given the values of 
0 25 to 0 33 as the normal range for the sphero- 
cytic index , our mean value of 0 28 ri: 0 01 falls 
within this range 

We have observed in the senes of healthy men 
studied at sea level that the variations in some 
of the morphologic characteristics of the circulat- 
ing erythrocytes are related to the number of 
these cells per cubic millimeter (table 4) Al- 
though these variations are small and within 
the normal range, the observed relationship is of 
interest in connection with the findings at high 
altitudes, which will be discussed m another sec- 
tion 

There is some variation in the results obtained 
by several investigators in regard to the normal 
number of reticulated led cells in the peripheral 
blood, but with the exception of Osgood, Baker 


. Table 4 — Relationship Between the Nuvtbei and the 
Morphologic Characteristics of the Red Blood Cells 
(Observations on 175 Healthy Men at Sea Level) 


Red Blood 

Num 


Corpuscular 

Corpuscular 

Cells, 

ter 

Corpuscular 

Mean 

Mean Hb 

KilUons 

of 

Mean Volume 

Hb±P E, 

Concentration 

per 

Sub 

±P E, 

Micro 

±P E. 

Cu Mm 

jects 

Ou Microns 

mlcrograms 

per Cent 

4 00 4 49 

7 

93 2 0 88 

34 1 ± 0 21 

34 7-1-010 

4 50 - 490 

48 

94 8 ± 0 17 

32 8 ± 0 15 

34 C -f- 0 10 

5 00 - 5 49 

92 

90 2 ± 0 22 

SO 7 ± 0 10 

34 0 -+- 0 10 

5 50 - 6 99 

28 

87 1 ± 0 40 

29 4 ± 0 15 

33 0 0 17 


and Wilhelm,^® who found a mean value of 1 5 
per cent, all observed averages have been undei 
1 per cent, this being considered by most workei s 
as the upper normal limit of variation Our 
mean values of 0 5 zh 0 02 per cent and 18 4 ± 
0 94 thousand per cubic millimetei , obtained for 
93 men, are in agreement with such previous 
findings 

The serum bilirubin has been determined for 
93 subjects in its total amount, by means of a 
colorimetric procedure and with a cobalt solution 
used as a standard for comparison,® and for an- 
other group, of 92 men, in its fractionated forms, 
direct and indirect, by the recently introduced 
photoelectric colorimetric method of Malloy and 
Evelyn ® There is a close agreement between 
the mean values of 0 76 zb 0 03 and 0 72 
bz 0 02 mg per hundred cubic centimeters ob- 
tained by these methods, respectively, for the 
total amount of bilirubin in the serum It is 
difficult to evaluate these figures from the point 

28 Osgood, E E , Baker, E L , and Wilhelm, 
M M Am J Clm Path 4 292, 1934 


of view of previous investigations, on account of 
the lack of uniformity among the reported values 
for the normal concentration of bilirubin, which 
has been estimated to vary between 0 10 and 3 50 
mg per hundred cubic centimeters , most in- 
vestigators have, however, shown a tendency to 
consider 1 00 mg as the uppei normal limit of 
variation In our series of determinations this 
limit was frequently exceeded, of a total of 185 
apparently healthy men investigated, 24, or 13 
per cent, had a serum bilrubin above 1 00 mg 
According to studies made by one of us (ED ),®° 
it IS likely that these high bilirubin values ob- 
served at times in the blood of apparently normal 
subjects are due in most cases to an insufficiency 
of the liver in its function of excreting pigment 
If this IS confirmed, the range of bilirubin con- 
centration in the plasma considered normal will 
have to be considerably reduced Cantarow and 
others have found that the direct bilirubin con- 
stitutes about 35 to 70 per cent of the total 
amount, with absolute values between 015 and 
0 35 mg Our mean value of 0 37 z!z 0 01 and 
the standard deviation of 0 15 mg are distinctlv 
higher 

In regard to the fragility of the red blood cells 
to hypotonic solutions of sodium chloride, we 
obtained the mean values of 0 46 ziz 0 001 and 
0 38 ziz 0 002 per cent for initial and total hemol- 
ysis, respectively, in determinations made foi 38 
of our subjects Daland and Worthley,®® in an 
investigation made on 20 normal adults, obseived 
,the first traces of hemolysis at concentrations of 
0 44 to 0 47 per cent and its completion at 0 27 
per cent, the latter low figure is probably ac- 
counted foi by the microscopic technic employed 

The gieat variations which are fiequently 
observed in apparently healthy subjects in re- 
gard to the number of leukocytes in the circulat- 
ing blood have been emphasized by Garrey and 
Brown We have not observed the extreme 

29 von den Bergh, H Die Gallenforbstoffe in 
Blute, Leipzig, 1918 Haselhorst, G Munchen med 
Wchnschr 68 174, 1921 Forster, J Kim Wchnschr 
4 1689, 1925 Perkins, F 5 Blood Bilirubin Esti- 
mation and Clinical Significance, Arch Int Med 40 
195 (Aug) 1927 Vaughan, J M, and Haslewood, 
GAD Lancet 1 133, 1938 Abels, J C , Rekers, 
P E , Binkley, G E , Pack, J T , and Rhoads, C P 
Ann Int Med 16 221, 1942 Lopez Garcia, A , and 
Zelasco J F An d Inst d invest fis apl a la pat 
humana 3 89, 1941 

30 Delgado, E Estudios sobre bihrrubina, Lima, 
Facultad de Medicina, 1943 

31 Cantarow, A , Wirts, C W , Jr , and Hollander, 
G Quantitative Studies of Direct-Reacting Serum 
Bilirubin, Arch Int Med 69 986 (June) 1942 

32 Daland, G A, and Worthley, K J Lab K 
Clin Med 20 1122, 1935 

33 Garrey, W F, and Brown, R W Physiol 
Rev 15 597, 1935 
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fluctuations found by some investigators Oui 
mean value, of 6,800 ± 77, leukocytes per cubic 
millimeter, and the standard deviation, of 1,480, 
aie almost identical with those observed by Price- 
Jones, Vaughan and Goddard m 100 men in 
England and by Osgood and others ® " in 198 men 


Table 5 summarizes the mean \alues obtained 
by several investigators in the determination of 
the circulating blood volume of health} men, b} 
means of various dye methods Oui findings 
consisting of values for 36 subjects, foi 26 of 
whom the determination was made with biilliant 


Table 5 — Deteiminahons of Blood Volume m Healthy Men (by Dye Methods) at Sea Level and xn Dtffcicnt 

Paits of the World — Summaxy of LtferaUne^^ 






Blood, 

Plasma, 





Cc per Kg , 

Cc per Kg 




Kumber of 

Average 

Average 

Investigators 

Place 

Dje Used 

Subjects 

Values 

Values 

Rowntree and Brown 

USA 

Congo V red 

49 

885 

510 

(Sibson and Evans 

USA 

Evans blue 

49 

77 7 

11 7 

Looney and Ereeman 

USA 

Congo red 

29 

814 

41 1 

Kaitreider, Hurtado and Brooks 

USA 

Brilliant vital red 

25 

791 

42 8 

Sparks and Haden 

USA 

Congo red 

10 

619 

34 4 

Goldbloom and Libin 

USA 

Trypan red 

10 

78 4 

40 5 

Hallock 

USA 

Evans blue 

10 

89 6 

40 4 

Levin 

Argentina 

Vital red 

50 

78 0 

42 0 

Hurtado, Pons and Merino 

Peru 

Brilliant vital red 

15 

87 8 

47 8 

Davis 

England 

Evans blue 

11 

70 7 

40 5 

Menderhaussen 

Germany 

Congo red 

16 

71 7 

39 0 

Rusznyak 

Germany 

Trypan red 

8 

833 

44 7 

Uhlenbruck 

Germany 

Congo red 

7 

79 0 

41 4 

Seyderbelm and Lampe 

Germany 

Trjpan red 

0 

817 

44 1 

Grand mean * P E 




SO 1 * 1 20 

43 1 * 0 71 


Table 6 — Deteiminahons of Blood Volume (by Dye Methods) in Healthy Men at Sea Level 


Blood volume (liters) 

Blood volume (cc per Kg ) 
Plasma volume (liters) 

Plasma volume (co per Kg ) 

Red cell volume (liters) 

Bed cell volume (cc per Kg ) 
Total hemoglobin (grams) 

Total hemoglobin (Gm per Kg ) 


Blood volume (liters) 

Blood volume (cc per Kg ) 
Plasma volume (liters) 

Plasma volume (cc per Kg ) 

Red cell volume (liters) 

Red ceil volume (ec per Kg ) 
Total hemoglobin (grams) 

Total hemoglobin (Qm per Kg ) 


CoeflJcient of 

Mean rt P E St Dev ±P E Variations (%) 
With Brilliant Vital Red (2G Subjects) 


5 21 + 0 10 0 79 ± 0 07 15 2 

S6 5 + 1 10 83±0 77 96 

2 82^:0 06 0 i3±001 15 2 

47X:J;0 59 4 5 ±0 42 96 

234*0 03 0 36*003 15 4 

38 8 * 0 59 4 6 * 0 42 11 6 

788*148 112*104 14 2 

13 2 * 0 18 14. ±012 10 6 

With Evans Blue (10 Subjects) 

5 02 * 0 19 0 85 * 0 13 16 9 

85 4*1 28 6 7 * 0 90 6 7 

2 70 * 0 08 0 37 * 0 05 13 7 

40 2*1 03 40*0 73 90 

2 29 * 0 10 0 43 * 0 07 IS 8 

390*049 22*035 60 

779*286 127*202 103 

133*018 08*012 00 


Extreme 

Variations 


3 05 - G 00 
72 2 106 4 
210 3 77 
SO 3 ■ 60 1 
1 75 . 3 11 
30 8 47 0 

004 - 1 059 
101 15 3 


4 12 0 5" 
70 7 90 0 
2 21 - 3 47 
38 0 65 1 
1 73 - 3 21 
35 7-43 8 
053 - 1,057 
12 0 - 14 5 


m the United States The differential leuko- 
cyte count, determined for 70 of our subjects, 
gave values which agree with those indicated by 
Schilling ° but which aie slightly different, in the 
percentage of stab neuti ophils, eosinophils, mono- 
cytes and lymphocytes, from the findings of Os- 
good and othei s 

34 (a) Feinblatt, H M Alimentary Leukocytosis 

m Eighty Normal Men, J A M A 80 613 (March 3) 
1923 (6) Sabin, F R , Cunningham, R S , Doan, 

C A , and Kindvvall, S A Bull Johns Hopkins 
Hosp 37 14, 1925 (c) Looney, J M, and Freeman, 

H Volume of Blood in Normal Subjects and in 
Patients with Schizophrenia, Arch Neurol & Psychiat 
34 956 (Nov) 1935 

35 Osgood, E E , Brownlee, I E , Osgood, M W , 
Ellis, D , and Cohen, W Total, Differential and 
A.bsolute Leukocj'te Counts and Sedimentation Rates 
Determined for Healthy Persons 19 Years of Age and 
Older, Arch Int Med 64 105 (JuljO 1939 


36 (a) Loone 3 and Freeman Menderhaussen, A 
Ztschr f khn Aled 97 468, 1923 (b) Sejderhehn, R, 

and Lange, W Ztschr f d ges exper Med 35 177 
1923 (c) Rusznjak, S Deutsches Arch f khn Alcd 

157 186, 1927 (d) Rowntrec, L G , and Brou n, 

G E The Volume of the Blood and Plasma in 
Health and Disease, Philadelphia, W B Saunders 
Company, 1924 (e) Uhlenbruck, P , and \'ogeIs 

Ztschr f klin Aled 118 172, 1931 (/) Sparks, M I , 

and Haden, R L Am J M Sc 184 753, 1932 ({^) 

Kaltreider, N L , Hurtado, A , and Brooks, AV D AV 
J Qin In\ estigation 13 999, 1934 (/;) Goldbloom, A 
A , and Libin, I Clinical Studies in Circulatory Adjust- 
ments Clinical Exaluation of Studies of Circulating 
Blood Volume, Arch Int Aled 55 484 (March) FG' 
(t) Gibson, J G , and Ex-ans, AA* A J Chn Iincstiga- 
tion 16 317, 1937 (;) Lex in, E El xolumcn dc h 

sangre circulante, Buenos Aires, El Ateneo, 1938 (I ) 
Hallock, P Proc Soc Exper Biol 6.. Med- 44 11 
1940 (0 Daxis, L J Edinburgh M J 49 465 1942 
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vital red and for 10 by the recently introduced 
method using Evans blue,®® are given in table 6 
The study of these tables reveals a rather close 
similarity among the various listed mean values 
and suggests that, at least in healthy subjects, 
the results obtained by the older and the newer 
dye methods are fundamentally alike It must 
be indicated, however, that the studies of Smith, 
Arnold and Whipple and of Stead and Ebert,'*® 
who have pointed out that the cell-plasma ratio 
of the venous blood does not necessarily represent 
that of the entire circulation, liaAe raised an objec- 
tion, common to all dye methods, to the use of the 
hematocrit as a basis for the calculation of the 
total blood volume 


in Lima (at sea level) after a residence of less 
than one year in this place (table 3) shows a 
moderate, but definite, decrease in the number of 
red cells and the amount of hemoglobin in the 
latter group , this is not accompanied by alter- y 
ations in the morphologic characteristics of the 
erythrocytes 

INFLUENCE OE TEMPORARY ANOXEMIA 

It has been repeatedly observed that a tem- 
porary anoxemia brought about by a lowered 
oxygen tension in the inspired air or by inter- 
ference with the mechanisms responsible for the 
acquisition of this gas at lung level is followed in 



Chart 1 — Altitudes and location of the different places where the hematologic studies were carried out (zone 
located on the western slope of the Andes in the central region of Peru) 


Comparison of the results obtained in the study 
of the 175 normal men with those for the group 
of 25 men born at high altitudes and investigated 

37 Keith, Rowntree and Geraghty Hooper, Smith, 
Belt and Whipple 

38 Gibson and Evans Evelyn and Gibson 

38a A statistical study of the several series of obser- 
vations found m the literature concerning the plasma 
volume m healthy men shows the same degree of varia- 
tion in the results obtained with the older and the 
newer dye methods (brilliant vital red and Evans’ blue, 
respectively) 

39 Smith, H P , Arnold, H R, and Whipple, 
G H Am J Physiol 56 1921, 1921 

40 Ebert, R V , and Stead, E A J Chn Inves- 

tigation 20 317, 1941 


most cases by an increase in the number of red 
cells and the amount of hemoglobin in the circu- 
lating blood There are, however pronounced 
individual variations in the polycythemic re- 
sponse, which may be related to the degree and 
duration of the anoxic stimulus and to individual 
factors not yet well understood We have taken 
four different groups of healthy men (total 67) 
to altitudes of 2,390 meters (7,920 feet), 3,140 
meters (10,300 feet), 4,165 meters (13,660 feet) 
and 4,835 meters (15,860 feet) Most of the 
subjects were medical students, of ages between 
20 and 32 yeais, 36 were natives of sea level 
localities and 31 had been born in places located 
at altitudes over 2,000 meters (7,660 feet) but 
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with a residence of one or more years at sea level 
previous to the investigation Blood was obtained 
at sea level immediately befoie the ascent and 
again within the first two hours after arrival at 
the given altitude From 12 men, 3 m each of the 
high altitude places, the sample of blood was 
taken after thiee hours of moderate physical 
activity (walking) In addition, a fifth group, of 


and 4,835 meters respectively There was no 
relationship between the degree of increase m 
hemoglobin and the place of birth of the men 
studied, at the two highest places we observed 
average increases of 046 and 049 Gm per 
hundred cubic centimeters of blood in men vho 
had been boin at sea level and at high altitudes, 
respectively 


Table 7 — Degree of Anoxemia in Relation to Results of Hematologic Studies Made on Arrival at Places of 

High Altitude 


Altitude 
» 


Place 


Meters 

Peet 

^ Matucana 

San Mateo 


2,390 

7,920 


3,140 

10,300 

Casapalca 


4,165 

13,660 

Morococha 

0 

4 540 

14,900 

Da Oima 


4,835 

15,860 


Average 
Barometnc 
Pressure, 
Mm Hg 


Arterial Oxygen Saturation, per Cent • 

Number of 
Subjects 

Mean ± P E 

Extreme 

Variations 

5814 

5 

91 0±0B7 

882-930 

530 5 

5 

89 6 ± 0 74 

86 2 - 92 6 

470 8 

5 

80 2-t-077 

77 0 - 83 2 

446 0 

15 

78 9 ± 0 63 

70 7 - 83 8 

433 8 

7 

75 3 ± 0 93 

70 4 - 79 8 


* Determinations made within the first two hours after arrival 


10 healthy men, also medical students, were taken 
from sea level to Morococha, at an altitude of 
4,540 meters ( 14,900 feet), where 6 of them were 
investigated immediately after arrival from the 
point of view of possible changes in the total 
ciiculatmg blood volume and the remaining 4 
were studied daily during a period of six days’ 
residence at that altitude In order to know the 
degree of anoxemia at which the hematologic 
)>■ observations were made, arterial blood was taken 
from several subjects at each one of the altitudes 
reached and analyzed foi its oxygen saturation, 
the lesults obtained are given in table 7 The 
mean saturation ranged, fiom the lowest to the 
highest altitude, between 91 0 and 75 3 per cent 
Tlie 1 esults obtained in the different investigations 
have been summaiized in table 8 In most cases 
theie occurred a moderate rise in the red blood 
cells and hemoglobin , the average increases in the 
latter substance at the four altitudes, from the 
lowest to the highest, were 0 29, 013, 0 57 and 
0 47 Gm per hundi ed cubic centimeters of blood, 
which repi esented increases of 1 8, 0 8, 3 6 and 
2 9 pel cent respectively, over the sea level value 
There weie marked individual variations (chart 
2) In 11 of the subjects no change was found, 
this being more frequent at the lowest altitudes 
In 15 men, 5 at the lower altitudes and 10 at the 
highest two, an actual decrease occurred, reach- 
ing a maximal value of 0 75 Gm in 1 subject 
studied at 3,140 meteis, it was interesting to 
observe that m this group of 15 subjects were 
included 8 of the 12 men who engaged in physical 
activity after arrival at high altitudes In the 
othei 41 subjects, or 61 per cent of the total, the 
hemoglobin concentration lose under the in- 
I fluence of the acute anoxemia, the greatest in- 
ciease was 1 70 Gm pei hundred cubic centi- 
meteis, found m 2 men at the altitudes of 4,165 


PLACE 
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SAN MATEO 
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ALTITUDE 
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Chart 2 — Variations m the blood hemoglobin (ex- 
pressed in grams per hundred cubic centimeters) m 67 
health}' men studied within the first tliree hours after 
their arrival at high altitudes Dots represent men who 
engaged in physical activity (walking) previous to the 
taking of the blood sample, circles, resting men 

Of the 36 men studied on arrival at the alti- 
tudes of 4,165 and 4,835 meters, 13 show'ed at 
the time tvhen the blood was taken signs and 
sjmptoms of soiochc (mountain sickness) The 
occurrence of this syndrome did not ha\e a 
definite relationship to the let el of hemoglobin 
before the exposure, in the men with soiochc the 
hemoglobin at sea let el had an aterage taluc of 
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15 68 Gm pel hundred cubic centimeters, as com- 
pared with 16 00 Gm in the unaffected group 
Howevei, of 6 subjects who before exposure had 
a hemoglobin concentration below IS 00 Gm , 4 
showed symptoms on arrival at high altitudes 
The average increase in hemoglobin in the ill men 
was 0 40 Gm per hundred cubic centimeters, and 
5, or 38 5 per cent, showed a decrease at high 
altitudes In the men without symptoms the 



SERUM PROTEINS (%) 


Chart 3 — Relationship between the percentage increase 
of serum proteins and of hematocrit value for 48 healthy 
adult men studied within the first three hours after 
arrival at high altitudes (from 2,390 to 4,835 meters) 

average increase observed was 0 53 Gm , and 
only 4, or 17 4 per cent, exhibited a decrease 
The concentration of serum proteins, deter- 
mined for 50 of the subjects at sea level and aftei 
arnval at high altitudes, showed a definite rise, 
which had a direct relationship with the level of 
altitude The average observed increases weie 
0 19, 0 32, 0 48 and 0 64 Gm per hundred cubic 
centimeters at the altitudes of 2,390, 3,140, 4,165 
and 4,835 meters, respectively, which lepre- 
sented increases of 2 9, 4 0, 5 3 and 7 9 per cent 
over the sea level values Some relationship was 
also observed between the degree of increase in 
the serum proteins and in the hematocrit value 
(cubic centimeters of red cells per hundred cubic 
centimeters of blood), but the rises in the latter 
(16, 15, 2 3 and 3 5 per cent, at the different 
altitudes, over the sea level values) were pro- 
portionately less than those observed in the 
protein substances (charts 3 and 4) 

Although on arrival at high altitudes the men 
showed some individual changes in the mor- 
phologic characteristics of the red blood cells 
(mean corpuscular volume, hemoglobin and 
hemoglobin concentration), no definite trends 


were observed, and the mean values were almost 
identical with those obtained previously at sea 
level (table 8) 

The number of reticulocytes determined in 
thousands per cubic millimeter of blood showed a 
very slight rise at the high altitudes, a finding 
related to the increase in the number of red cells , 
the percentage values did not vary The serum 
bilirubin did not show a constant change duiing 
the short exposure to the low barometric pressure, 
with the exception of a slight mean rise in the 
direct fraction at the highest altitude (4,835 
meters) 

With a variation of 2,000 or more white cells 
per cubic millimeter from the sea level value — 
taken as an arbitrary index of a significant change 
in the leukocyte count on a subject’s arrival at a 
high altitude — we found a rise of this nature to 
occur in 5, 7 and 8 men at the altitudes of 3,140 
4,165 and 4,835 meters respectively (which 
corresponded to 31 2, 38 9, and 444 per cent of 
the subjects studied at these altitudes) In 6 of 
these subjects the increased count exceeded 10,000 
per cubic millimeter, the highest value, 16,040 
leukocytes, occurred in a subject studied at 
4,165 meters (chart 5) In 2 men a significant 



ALTITUDE (KMS) 

Chart 4 — Mean percentage increase in serum pro- 
teins and hematocrit value within the first three hours 
after arrival at altitudes of 2,390, 3,140, 4,165 and 4,835 
meters Observations made on healthy adult men 

decrease was obseiwed, and no change took place 
at the lowest altitude Physical activity and 
soroche were frequently associated with a rise in 
the leukocyte count, in 4 of the 6 men who 
exercised at the highest stations and in 8 of the 
13 patients with soroche this change was ob- 
served The frequent rise in the number of 





Table 8 — Observations on Blood Made tn Lima (at Sea Level) and Immediately After Ai rival at Several 

Places of High Altitude* (Four Different Groups of Men Studied) 
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leukocytes on the subjects' arrival at high alti- 
tudes was almost entirely due to an increase m 
the segmented neutrophils, the monocytes and 
the lymphocytes showed a proportional decrease 
No constant changes were observed in the num- 
ber of stab neutrophils, eosinophils and basophils 
The occurrence of a temporary leukocytosis 
under the influence of a low pressure environ- 
ment has been already reported Meyer, Seevers 
and Beatty working with rats, and Sokolov 
experimenting with cold-blooded animals, have 
observed such a hematic response in experiments 
earned out in chambers 
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Chart 5 — ^Variation m the leukocyte counts (expressed 
in thousands per cubic millimeter) of 67 healthy men 
studied within three hours after arrival at high altitudes 
Dots represent men who engaged in physical activity 
(walking) previous to the taking of the blood sample, 
circles, resting men 

In order to study further the mechanisms 
which are related to the polycythemic response 
to a condition of acute anoxemia we made deter- 
minations of blood volume for 6 subjects (medi- 
cal students) within the first two hours after their 
arrival at Morococha, at an altitude of 4,540 
meters (14,900 feet) Previous determinations 
had been made at sea level a few days befbre the 

41 Meyer, O O , Seevers, M H , and Beatty, 
SR Am J Physiol 113 166, 1935 

42 Sokolov, AN J Med , &ev 11 145, 1941 


ascent The results obtained are given in table 9 
and presented, graphically, m chart 6 The 
plasma volume remained unchanged in 2 sub- 
jects and decreased in the other 4, the average 
reduction in volume was 0 26 liters, equivalent 
to 10 5 per cent The red cell volume increased 
in 5 subjects, and the elevation averaged 0 32 
liters, or 13 8 per cent In 3 of the men the total 
serum proteins rose on arrival at high altitudes, 
the increase had an average value of 10 Gm, 
equal to 8 2 per cent In 1 subject a decrease of 
13 Gm (7 9 per cent) was found, and in the 
other 2 no significant change was verified 
The subsequent changes which take place in 
the circulating blood when the anoxic stimulus is 
prolonged for a few days weie studied in a group 
of 4 men (medical students of ages varying 
between 21 and 25 years) who were taken from 
sea level to Morococha (at an altitude of 4,540 
meters [ 14,900 feet] ) , where they remained for 
SIX days The various investigations made pre- 
viously at sea level were repeated on their arnval 
and then daily during the time of their residence 
at high altitudes Determinations of blood 
volume were also made The findings are given 
in tables 10 and 11 The moderate increase in 
the red blood cells and hemoglobin obseived on 
the men’s arrival was followed by a gradual rise, 
while the serum proteins, found to be sharply 
elevated m the first observation made at high 
altitudes, remained about unchanged, with a 
slight tendency to decrease (chart 7) One day 
after the men arrived the reticulocytes began to 
show an increase, which in the sixth, and last, 
da)*^ of study reached values of 2 2 to 4 0 per cent 
This finding indicated a definite response of the 
bone marrow to the anoxic stimulus In 3 sub- 
jects there was a moderate decrease m the mean 
corpuscular volume, while the mean corpuscular 
hemoglobin concent! ation remained practically 
unchanged The plasma bilirubin, directly and 
indirectly determined, and total amount, did not 
show a significant vaiiation except in 1 subject, 
who at sea level, before the ascent, had an abnor- 
mally high concentration of pigment This sub- 
ject three days after arrival at high altitudes had 
a considerable rise in the directly and indirectly 
determined bilirubin, with a subsequent decrease 
but without a decline to the initial value It was 
interesting to observe in all subjects twenty-four 
hours after arrival a temporary and moderate 
rise in the leukocytes (chart 8) which was simul- 
taneous with the beginning of the hyperactivity 
of the bone marrow as shown by the rise of the 
reticulocytes The increase was almost entirely 
due to an elevated number of segmented neu- 
trophils, there was no change in the stab neu- 
trophils The determinations of blood volume 
made after two, four and six days of residence 
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at high altitudes (chart 6) showed, in comparison 
with the values obtained at sea level, an un- 
changed plasma volume in 3 subjects, an in- 
creased volume in 1 (13 7 per cent) and a 
decreased volume in another (10.9 per cent) 
The cell volume was elevated in all subjects (12 0 


Our obseiwations concerning the changes 
which take place in the circulating blood volume 
during a short -period of residence at high alti- 
tudes are not strictly comparable with those made 
by Smith, Belt, Arnold and Carrier at an alti- 
tude of 3,350 meters These investigators found 


Table 9 — Detet imitations of Blood Volume Made at Sea Level and Within the First Two Homs After Arnval 

at Moiococha (at 4,540 ineteis, 14,900 feet)* 


Blood Volume Plasma Volume Red Cell Volume Total Hemoglobin Total Scrum Protein 
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Chart 6— Results of determinations of blood volume 
at high altitudes (at 4,540 meters, 14,900 feet) Group I 
Group II, determinations made a few days after their 
white zone, plasma volume 

to 43 4 per cent), and the total seiiim proteins 
showed increases in all of them (4 3 to 2S 0 per 
cent) Increases, which fluctuated between 133 
and 243 Gm , w^ere found in the total amount of 
circulating hemoglobin As a whole, all these 
changes had some proportional relationship to the 
length of residence at high altitudes 


made for 11 health} adult men at sea le\el and repeated 
, determinations made one to two hours after llieir arrnal , 
arrual The black zone represents red cell \olumc, the 

no abiupt changes within the fiist day oi two at 
that altitude, after two or three weeks an aver- 
age increase of 19 per cent in the icd cell aoluine 
was aerified, the plasma \olvirnc did not shoA 
any significant \anation In 1913 Dougia-, 

43 Smith, H P , Belt, A E . Arnold, H R , 're 
Carrier, E B Am J PKsioi 71-305, 1925 






ARCHIVES OF INTERNAL MEDICINE 


Haldane, Henderson and Schneider, working at those expeiienced by pilots and other flight per- 
Pike’s Peak, Colorado, at an altitude of 4,300 sonnel, has attained a considerable interest in 
meters, and employing the carbon monoxide the last few years Attention has been given to 
method, observed a significant rise in the blood the psychologic aspects as well as to the adapta- 

tive responses of the respiratory and circulatory 

„„ hemoglobin I CMS PER 100 cci systcms Few investigations have been made 

concerning the morphologic response of the blood 
Meyer and Seyderhelm,^® in 1916, studied the 
^ blood of 28 men who had been engaged in flying 

for a year or more and found in all cases an 

^ increase in the red blood cells and hemoglobin 

/ / McFarland, Graybiel, Liljencrantz and Tuttle, 

m an analysis of the data collected in the exami- 

yV nation of 200 civil air line pilots, the vast ma- 

jority of whom had a record of flying at altitudes 

not over 3,050 meters (10,000 feet), found a 

15 L red cell count above 6,000,000 m 50 per cent of 

«5 ^ sERo PROTEINS 1 QMS PER 100 CO ^ , them, the hemoglobin did not show a parallel 


SERO PROTEINS t GMS PER lOO CC I 



TOTAL LEUKOCYTES 



DAYS AFTER ARRIVAL 

Chart 7 — ^Values for hemoglobin, serum proteins and 
reticulocytes m 4 healthy men studied at sea level and 
during SIX days of residence at an altitude of 4,540 
meters (14,900 feet) The heavy lines represent the 
average values 

■volume of 3 of the 4 subjects after a residence of 
nine to ten days Laquer found an increase of 
5 per cent in the blood volume after four weeks 
of residence at an elevation of 1,560 meters 

INFLUENCE OF INTERMITTENT ANOXEMI-V 

The study of the effects produced on the body 
by intermittent periods of anoxemia, such as 

44 Douglas, C G , Haldane, J S , Henderson, Y, 
and Schneider, E C Philos Tr Roy Soc , London, 
sB 203.185, 1913 

45 Laquer, F Klin Wchnschr 3 7, 1924 


Chart 8 — ^Leukocyte counts for 4 healthy men studied 
at sea level and immediately after arrival ^d during 
a residence of six days at an altitude of 4,540 meters 
(14,900 feet) The rise observed tweilty-four hours atter 
their arrival corresponded to the beginning of the 
reticulocytosis (chart 7) 

increase Armstrong and Heiin observed that 
exposure for a period of four hours for three 
consecutive days to a simulated altitude o , 

46 Meyer^ E, and Seyderhelm, R Deutsche med 
Wchnschr 42 1245, 1916 

47 McFarland, R A , Graybiel, A Liljencrantz, 
E, and Tuttle, AD J AviaUon Med 10 160, 1939 

48 Armstrong, H G Principles and Practice of 
Aviation Medicine, Baltimore, Williams & A i m 
Company, 1939 
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meters (12,000 feet) resulted m a decrease of 
the hemoglobin and the red cell count Frequent 
exposures to carbon monoxide, which causes 
anoxemia by displacement of the oxygen from 
the circulating hemoglobin, at the s'ame time de- 
creasing the affinity of this substance for the 
latter gas,^® has been found to produce a poly- 
cythemic response In a recent investigation, 
Stickney and Van Liere observed a rise in tlie 
red blood cells and hemoglobin in dogs exposed 
six to nine hours daily for six months to simu- 
lated altitudes between 3,660 meters (12,000 
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Chart 9 — Values for hemoglobin, reticulocytes and 
bilirubin m men exposed to intermittent periods of 
anoxemia Group I, flight personnel, group II, rail- 
road personnel (see text) The zones between the hori- 
zontal lines show the limits of variation observed in 
healthy men at sea level 

feet) and 4,880 meters (16,000 feet) , these 
investigators concluded that discontinuous ex- 
posure to anoxia is capable of producing a notice- 
able acclimatization, the degree of which, in terms 
of increase in hemoglobin and erythrocytes, is 
proportional to the severity of the anoxia and 
the length of time of exposure 

49 Haldane, J S , and Priestley, J G Respiration, 
London, Oxford University Press, 1935 

50 Kilhck, E M Physiol Rev 20 313, 1940 

51 Stickney, J C, and Van Liere, E J J Avia- 
tion Med 13 170, 1942 


Our studies include observations made on two 
groups of healthy men, both subject to the in- 
fluence of intermittent periods of anoxemia but 
different from each other in regard to the length 
of time of exposure 

Ohservahons on Flight Pei sonnet — Hemato- 
logic studies were carried out for 60 men, mem- 
bers of the flight personnel of a commercial air 
line which operates m South America, 47 of 
these men were pilots or co-pilots, 10 radio 
operators and 3 pursers Fifty-seven had been 
born in the United States and 3 m Peru Their 
ages varied between 21 and 49 years, with an 
average of 29 years The total flying time of 
each man fluctuated between two hundred and 
several thousand hours, with a monthly average 
of sixty to ninety hours Some of the routes 
covered by this air line require flying for several 
hours at altitudes over 3,660 meters (12,000 
feet) , most of the men reported the use of oxygen 
while flying over that level The examinations 
were made from one to fourteen days after the 
previous trip The results obtained are given 
in table 12 

The mean values of the hemoglobin content 
(grams per hundred cubic centimeters) and the 
hematocrit reading (percentage of red cells) were 
slightly higher than those obtained for the group 
of healthy men not subject to the influence of a 
low barometric pressure Study of the individual- 
findings (chart 9) revealed that 14 (23 3 per 
cent) of the 60 men had a hemoglobin concen- 
tration of 17 5 Gm or more , the highest observed 
value was 19 10 Gm Twelve men (20 per cent) 
had hematocrit values of 50 per cent or more, 
the highest being 53 Two subjects (3 3 per 
cent of the total) were found to have hemoglobin 
values of 14 1 and 14 5 Gm per hundied cubic 
centimeters, with corresponding hematocrit read- 
ings of 38 1 and 40 4 per cent red cells , these 
values weie the lowest found in this series of 
investigations There was no coi relation be- 
tween the blood findings and the time spent at^ 
sea level after the previous trip, the latter had 
a similar avei age value of six days for the groups 
of men with hemoglobin concentrations above 
and below 17 Gm 

The mean corpuscular volume, of 94 3 ± 0 56 
cubic microns, of the flight personnel was slightly 
higher than the corresponding value (91 3 ±: 

0 23) for the control group studied at sea level, 
in 12 cases (20 pei cent) the volume exceeded 
100 cubic microns The mean corpuscular hemo- 
globin concentration ranged within normal limits 
The reticulocytes, expressed in percentage and 
in number per cubic millimeter, had higher mean 
values in the group of fliers, 15 (25 per cent) ( 
of the 60 men studied had one or more red blood 
cells per hundred that appeared to be reticulated 
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The serum bilirubin, determined for 45 men 
of the flight personnel, showed significant varia- 
tions The mean values, of 0 43 ±: 0 02, 0 56 zt 
0 05 and 1 00 zfc 0 06 mg per hundred cubic 
centimeters, for the directly and indirectly de- 
termined and total bilirubin, respectively, were 
higher than the corresponding values found in 
the blood of the subjects we studied for com- 
parative purposes The increase was more 
marked m the indirect (51 3 per cent) than m 
the direct value (22 8 per cent) , this lowered 
the latio diiect/total bilirubin, which in the flight 
personnel had an average value of 43 per cent, 
as compared with 514 per cent in the nonfliers 
Seventeen of the 45 men studied, or 37 8 per 
:ent, had a total bilirubin content of over 1 mg , 
while this was found in only 13 per cent of the 


spent alternate nights at sea le\el and at an alti- 
tude of 3,730 meters (12,340 feet), tratelmg 
daily for several hours, one day on ascent and the 
next on descent, without taking oxygen, along a 
road whose highest point is at an altitude of 
4,740 meters (15,510 feet) Obsen^ations were 
made on 13 of these men during one of the brief 
periods they w^ere in Lima, at sea Ie\el, their 
ages varied betw^een 23 and 54 years Ten had 
been born at high altitudes and 3 at sea level 
The time during which they had been intermit- 
tently exposed to a low barometric pressure, wuth 
the exception of one month’s vacation each year, 
fluctuated between one and twentj^-eight years 
The results found in the different investigations, 
which included determinations of blood volume 
for 11 of the men, are given m tables 13 and 14 


Table 13 — Observations on Blood of Men Daily Exposed to a Low Barometnc Pi assure (Raiboad Personnel) 
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5 61 

51 4 

18 60 
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0 45 

0 41 
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6 25 
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5 40 
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17 30 
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21 6 
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0 23 

029 
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41 
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4 81 
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33 8 
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289 
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0 30 

0 24 
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36 
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5 33 
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32 0 

1 20 
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36 
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4 63 
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16 75 
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0 75 
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40 
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5 14 
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15 30 

04 2 

32 7 

34 7 

0 

0 

0 93 

0 47 

0 40 

13 

22 

1 

5 63 

64 1 

18 30 

901 

32 5 

33 8 

06 

338 

206 

0 43 

2 23 

Mean ± P E 


5 42± 
010 

51 8 ± 

0 70 

I8 07-f- 
0 28 

95 9-+- 
099 

33 4-+- 
0 25 

34S-+- 

018 

08-+- 

011 

42 5 ± 
CIO 

1 IC-+- 
015 

0 40-+- 
003 

0 70± 
013 

St Dev 

±1* E 


053 d: 
007 

39± 

054 

147± 

0 20 

51 -t- 
0 62 

1 3 -+- 
017 

09-+- 

012 

06-+- 

000 

31 6 ± 

4 30 

0 78-+- 
010 

015-+- 

002 

0C7± 

009 

CoelBeient of variation, % 
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75 0 
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yroup studied at sea level, the high bilirubin 
/allies of 11 of the 17 subjects corresponded to 
m elevation in the indirectly determined pig- 
nent, and in the other 6 the directly determined 
iilirubm was responsible for the rise, though in 
i lesser degree 

The numbers of leukocytes per cubic millimeter 
md the differential leukocyte counts of the flight 
personnel did not show any significant variation 
when compared with the results obtained in the 
study of the men living constantly at sea level 

Observattons on Men Daily Exposed to a Low 
Bawmetric Ptessure — We had the opportunity 
to study a small group of men who occupied a 
perhaps unique position m regard to an inter- 
mittent exposure to a low' barometric pressure 
These men were members of the crew' personnel 
af a railroad which connects Lima, at sea le\el 
with high localities on the Andean plateau 
(chart 1), and for a prolonged time thei' had 


A rise m the hemoglobin content and m the 
hematocrit readings w'as frequently obsened, 
the mean values, of 18 07 zfc 0 28 Gm per 
hundred cubic centimeters and 51 8 rf: 0 76 per 
cent red cells, respectively, were distinctly higher 
than those obtained for healthy males living con- 
stantly at sea level The hemoglobin concentra- 
tions of 9 of the men (69 2 jier cent) exceeded 
17 50 Gm , and those of 2 of them reached the 
figures of 20 35 and 21 10 Gm (chart 9) The 
hematocrit readings of 10 of the subjects (769 
per cent) w'as oier 500 per cent, the highest 
observed lalue was 606 per cent There was 
not a constant direct relationship between the 
time of exposure to the high altitude and the 
degree of poh'ci themia , howeier the three 
highest hemoglobin lalues, IS 60, 20 35 and 21 10 
Gm per hundred cubic centmieters were foiinfi 
in the men v ho had the most prolonged time of 
service in the raiLoad, twenty -eight twcntj.-ri.e 
and tw entv } cars, respcctn eh 
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The mean coipuscular volume, of 95 9 ± 099 
cubic microns, was slightly higher than the one 
obtained for the group of men studied at sea 
level The mean corpuscular hemoglobin con- 
centration ranged within normal limits The 
reticulocytes, m per cent and per cubic millimeter, 
also showed higher mean values than in men not 
exposed to high altitudes , m 5 cases (38 5 pei 
cent) the percentage value fluctuated between 
1 0 and 2 0 The plasma bilirubin was found to 
exceed 1 00 mg per hundred cubic centimeters m 
5 of the men (38 5 per cent) , this rise was due 
exclusively to a higher amount of the indirectly 
determined pigment, which had a mean increase 
of 117 1 per cent over the corresponding normal 
value at sea level The ratio direct/total bilirubin 
had an average value of 34 5 per cent 

The number of leukocytes per cubic millimeter 
had a normal mean value, in only 1 case it was 


( 

showed an average increase of 22 7 per cent and 
was found to be elevated in 9 of the 11 men 
studied (81 8 per cent) 

Five men had a history of occasionally hav- 
ing mild headache and a sensation of dizziness 
while tiaveling at high altitudes When the data 
for these men were compared with those for the 
rest of the subjects, no significant variations weie 
found to exist in the blood volume and other 
hematologic characteristics, except that 1 of the 
complaining men had the highest values for 
the hemoglobin content and the hematocrit read- 
ing (21 10 Gm and 60 6 per cent red cells, 
respectively) 

INFLUENCE OF CHRONIC ANOXEMIA 

Since the original observations of Bert,^ 
Viault “ and Muntz, in the second half of the 
last century, numerous investigations have con- 


Table 14 — Obseniations on Blood of Men Daily Exposed to a Low Barometric Piessure (Railroad Personnel) 
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moderately elevated (11,900) The differential 
leukocyte count, made for 12 of the subjects, 
revealed a frequent and moderate increase m the 
segmented neutrophils with a corresponding de- 
crease in the monocytes and lymphocytes, a 
change almost identical to the one found in men 
exposed to a temporary period of anoxemia 
(table 8) 

The determinations of blood volume, made for 
11 of the men, showed well defined changes 
(chart 10) The red cell volume, expressed in 
cubic centimeters per kilogram of body weight, 
was elevated in 7 of the men (63 6 per cent) , its 
mean value, of 46 5 dr 1 14 cc , represented an 
increase of almost 20 per cent over the corre- 
sponding normal value at sea level The plasma 
volume, expressed similarly, was decreased m 4 
and unchanged in 7 subjects, its mean value was 
10 2 per cent lower than m men not exposed to a 
low barometric pressure The circulating hemo- 
globin, m grams per kilogram of body weight. 


firmed the existence of polycythemia in human 
beings and animals living at high altitudes The 
review of the literature,®® a summary of which 

52 Muntz, A Compt rend Acad d sc 112 298, 1891 j,' 

53 (o) Fitzgerald, M P Philos Tr Roy Soc , Lon- 
don, sB 203 351, 1913 (&) Eggers, H Munchen 

med Wchnschr 73 779, 1926 (c) Monge, C , Heraud, 

C , Enemas, E , and Hurtado, A Estudios fisiologicos 
sobre el hombre de los Andes, Lima, Facultad de Medi- 
cina, 1928 (d) Hurtado, A , and Guzman Barron, A 

Rev med peruana, Lima 1 1, 1930 (^) Hurtado, A 

Am J Physiol 100 487, 1932 (/) Stammers, A D 

J Physiol 78 21 P, 1933 (ff) Liknaitzky, I Qu^t 
J Exper Physiol 24 161, 1934 (h) Talbott, J H , 
and Dill, D B Am J M Sc 192 626, 1936 (0 

Andresen, M I, and Mugrage, E R Blood Cell 
Values for Normal Men and Women, Arch Int Med 
58 136 (July) 1936 (}) Loewy, A, and Wittkower, 

E The Pathology of High Altitude, London, Oxford 
University Press, 1937 (kj Capdehourat, E L, and 
others Estudios sobre la biologia del hombre de la 
altitud, Buenos Aires, Ministerio de Justicia e Instruc- 
cion Pubhea, 1937 (1) Bancroft and others s 
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IS given 111 table 15, indicates, however, a marked mines and in whom the degree of anoxemia was 
variability in the degree and other characteristics frequently abnormally accentuated owing to the 
of the observed polycythemia, it is likely that this pulmonaiy changes, and (c) men, also of Indian 
IS related, at least m part, to the variable factors race, who had signs of loss of adaptation to the 
of altitude and the duration of exposuie We low pressure environment (chronic mountain 
have made observations on thiee gioups of men sickness) 



Chart 10 — Blood volume (expressed m cubic centimeters and in grams per kilogram of body weight) of 11 
men exposed daily to a low barometric pressure The black zone represents red cell volume, the shaded zone, 
total hemoglobin , the white zone, plasma volume 



Chart 11— Values for hemoglobin, reticulocytes and bilirubin in healthy native residents of Oroya (at 3,730 
meters, 12,240 feet) and Morococha (at 4,540 meters, 14,900 feet) The zones between the horizontal lines 
represent the limits of variation observed in healthy adult men at sea level 


living permanently at high altitudes and subject, Ohsejvatwiis on Healthy Indmn Nafwes — 
in consequence, to the constant influence of an Observations were made on a total of 72 Indian 
anoxic condition (a) healthy Indian natives , natives, 40 of them living and studied in Oroya, 
(b) Indian natives who had contiacted pneu- at an altitude of 3,730 meters (12,240 feet), with 
monoconiosis (silicosis) while working in the 3n average barometric pressure of 482 mm of 
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Table 15 — Previous Observations on Blood of Residents 
of High Altitudes (Snmmaiy of Liteiatiire^^) 






Bed 

Blood 





Num 

Cells, 





ber 

Mill- 

Hemo 



Altl 

of 

ions per globin. 



tude, 

Sub 

CU 

Gm per 

Investigators 

Place 

Meters 

jects 

Mm 

100 Cc 

Andresen, Mugrage 

Denver 

1,620 

40 

5 42 

16 54 

Fitzgerald 

Kuendy, Loewy and 

Colorado 

1,660 

6 


16 S4 

others si 

Davos 

1,6S0 


6 65 


I/iknaitzty 

Johannesburg 

1,760 

60 

690 

(105 4%) 

Stammers 

Johannesburg 

1,760 

10 


14 67 

Fitzgerald 

Colorado 

1,830 

6 


15 02 

Eggers 

Mexico 

2,250 

22 

7 25 

(111 V7o) 

Fitzgerald 

Colorado 

2,370 

10 


16 40 

Fitzgerald 

Colorado 

2,900 

7 


1092 

Fitzgerald 

Colorado 

3,030 

9 


1710 

Fitzgerald 

Hurtado, Guzman 

Colorado 

3,140 

10 


16 67 

Barrdn 

Huancayo 

3,260 

10 

6 82 


Fitzgerald 

Colorado 

3,450 

22 


17 40 

Morales 

La Paz 

3,660 

200 

760 


Monge and others 
Oapdehourat and 

Oroya 

3,730 

20 

688 


others 

Catavi 

3,750 

11 

6 31 


Fitzgerald 

Colorado 

4,300 

10 


18 05 

Barcroft and others 

O Pasco 

4,330 

16 

7 05 


Barcroft and others 

C Pasco 

4,330 

10 


18 85 

Hurtado 

Morococha 

4,640 

100 

060 

16 93 

Talbott and Dill 

Quilchua 

6,340 

6 

787 

22 86 


mercury, and 32 residents of Morococha, where 
they were investigated, at an elevation of 4,540 
meters (14,900 feet), with a mean barometric 
pressure of 446 mm of mercury The ages of 
these men varied between 19 and 48 years, but 
only 1 of them was m the fifth decade Their 

Table 16 — Degree of Anoxemia in Residents 
of Oroya and Morococha 


Average 





Baro- 







metric 


Arterial Oxygen 




Pres 

No 

Saturation, per Cent 


Altitude 

sure, 

of 

, 



r“ ^ 


^ Mm 

Sub 

Mean± 

Extreme 

Place 

Meters 

Feet 

Hg 

jects 

P E 

Variations 

Oroya 

3,730 

12,240 

482 

15 

87 6 ± 0 27 

84 4 - 90 2 

Morococha 4,540 

14,900 

446 

18 

81 4 ± 0 45 

75 2 - 88 2 


physical characteristics (average height, weight 
and surface area, 1 57 meters, 56 6 Kg and 1 57 
square meters, respectively) corresponded to 
their race, and none gave a history of having 
worked in the mines for a prolonged time, a 
point of importance in these zones on account of 
the frequency of pneumonocomosis All the 
observed men had been born either at the places. 


Table 17 —Observations on Blood of Healthy Men Residents of Oroya (at an 

12^40 Feet) 

Altitude of 3,730 Meters, 





CoefB 



Number of 



dent of 

Extreme 

Determinations 

Subjects 

Mean d: P E 

St Dev ±P I 

! Variation, % 

Variations 

Bed blood cells (millions per cu mm ) 

40 

667±004 

0 39 ± 0 03 

69 

4 70 - 6 28 

Hematocnt (red cells, per cent) 

40 

54 1 ± 0 41 

39±021 

72 

47 8 65 4 

Hemoglobin (Gm per lOO cc ) 

40 

18 82 ± 0 15 

1 46±015 

77 

16 40 22 05 

Corpuscular mean volume (cu microns) 

40 

95 2 ± 0 68 

6 5±041 

58 

84 2 - 113 1 

Corpuscular mean diameter (microns) 

40 

78Sd:003 

0 24 ± 0 02 

30 

7 42 - 8 62 

Corpuscular mean thickness (microns) 

40 

197±002 

0 17 ± 0 01 

86 

1 48 - 2 22 

Corpuscular mean surfaee area (sq microns) 

40 

145 8 ± 0 47 

5 1 ± 0 33 

35 

133 6 158 0 

Spherocytic index 

40 

0 25 ± 0 002 

0 03 ± 0 001 

12 0 

0 17 - 0 30 

Corpuscular mean hemoglobin (micromicrograms) 

40 

33 0d:025 

2 4 ± 0 18 

80 

28 7 - 38 4 

Corpuscular mean hemoglobin concentration (%) 

40 

34 8 ± 0 10 

09±006 

30 

32 1 - 36 6 

Beticulocytes (per cent) 

40 

08±006 

05±004 

62 5 

0 22 

Beticulocytes (thousands per cu mm ) 

40 

38 0 ± 2 90 

24 3 ±205 

639 

0 • 1U5 o 

Bed blood cell fragility 

30 




0 44 - 0 60 

Initial hemolysis (per cent) 


0 4a±om 

0 01 ± 0 001 

22 

Total hemolysis (per cent) 


0 38 ± 0 002 

0 02 ± 0 001 

5 2 

0 S4 - 0 42 

Blood viscosity 

30 

8 4 ± 0 21 

17±015 

20 2 

68-152 

Bilirubin, total (mg per 100 cc ) 

30 

1 47 -1- 0 09 

0 71 ± 0 06 

48 3 

0 56 - 4 o8 

Leukocytes (per cu mm ) 

40 

6,600 ±155 

1,258 ± 109 

19 2 

3,400 9,600 

Differential leukocytic count 

40 



560 


Neutrophils, stab (per cent) 


5 0 ± 0 30 

2 8 ± 0 21 

0 2 

Neutrophils, segmented (per cent) 


52 8 ± 1 13 

10 6 ± O 79 

201 


Neutrophils, total (per cent) 


67 9 ± 1 13 

10 6 ± 0 79 

18 3 

8/ • 86 

Eosinophils (per cent) 


25±022 

2 1 ± 0 15 

840 


Basophils (per cent) 


0 1 ± 0 007 

0 7 ± 0 005 

700 0 

0 3 

Monocytes (per cent) 


4 9 ± 0 24 

2 3 ± 0 16 

46 9 

0 9 

Lymphocytes (per cent) 


34 8 ± 1 02 

96±072 

27 6 

11 54 



Fable 18 — Obsetvations on Blood of Healthy Men Residents of Morococha (at an Altitude of 4j540 Meters 

14,900 Feet) 


Coeffl 



Number of 




cient of 

Extreme 

Determinations 

Subjects 

Mean :± P E 

St Dev *P E 

Vanation, % 

Variations 

Red blood cells (millions per cu mm ) 

32 

615±0 07 

0 57* 

0 05 

93 

4 97 

-7 59 

Hematocrit (red cells, per cent) 

32 

59 9 ± 0 60 

5 6* 

0 47 

93 

52 2 

-76 2 

Hemoglobin (Gm per 100 cc ) 

32 

20 76 ± 0 20 

171* 

014 

82 

18 10 

25 40 

Corpuscular mean volume (cu microns) 

32 

97 6 ± 0 75 

63* 

0 53 

65 

85 5 

106 8 

Corpuscular mean diameter (microns) 

32 

7 74 ± 0 01 

0 11 * 

0 01 

1 4 

7 31 

8 01 

Corpuscular mean tbickness (microns) 

32 

2 OS ± 0 02 

016* 

0 01 

77 

170 

-2 41 

Corpuscular mean surface area (sq microns) 

32 

145 0 ± 1 18 

99* 

0 83 

68 

133 6 

-153 6 

Spherocytic index 

32 

0 27± 0 002 

02* 

0 001 

74 

0 21 

-0 32 

Corpuscular mean hemoglobin (micromicrograms) 

32 

33 9 ± 0 29 

2 5* 

0 21 

73 

284 

-37 4 

Corpuscular mean hemoglobin concentration (%) 

32 

34 7 ± 0 12 

10* 

008 

29 

332 

37 4 

Reticulocytes (per cent) 

32 

15±007 

06* 

0 05 

40 0 

02 

33 

Reticulocytes (thousands per cu mm ) 

32 

83 4 ± 5 35 

449* 

3 79 

53 8 

10 8 

210 5 

Bilirubin, total (mg per 100 cc ) 

20 

1 56 ± 0 19 

122* 

013 

78 2 

045 

4 91 

Bilirubin, direct (mg per lOO cc ) 

20 

046*003 

017* 

0 02 

36 9 

0 16 

-086 

Bilirubin, indirect (mg per 100 cc ) 

20 

1 10 * 0 17 

1 10* 

0 12 

100 0 

023 

4 32 

Leukocytes (per cu min ) 

32 

6,900 ± 144 

1,212 * 

102 

17 0 

4,700 

10,900 

Differential leukocytic count 

32 







Neutrophils, stab (per cent) 


3 0 * 0 22 

IS* 

015 

600 

0 

6 

Neutrophils, segmented (per cent) 


49 9*134 

10 9* 

094 

210 

25 

-71 

Neutrophils, total (per cent) 


52 7 * 1 33 

10 8* 

0 94 

20 5 

27 

71 

Eosinophils (per cent) 


2 2 * 0 15 

12* 

010 

545 

0 

5 

Basophils (per cent) 


0 2 * 0 02 

05* 

0 01 

250 0 

0 

-2 

Monocytes (per cent) 


6 5 * 0 34 

28* 

0 24 

50 9 

1 

-13 

Lymphocytes (per cent) 


39 4 * 1 29 

10 5 

0 91 

266 

21 

62 


Table 19 — Detetnunatwns of Blood Volume of Healthy Native Male Residents at High Altitudes 



A With Brilliant Vital Red (30 Subjects) 


i 

Coeffl 

\ 


Determinations 



dent of 

Extreme 


Mean * P E 

St Dev *P E 

Vanation, % 

Variations 


1 In Oroya (at 3,730 Meters, 12,240 

Feet) 



Blood volume (liters) 

615*012 

1 03 * 0 09 

16 7 

4 26 9,0b 

Blood volume (cc per Kg ) 

108 7 * 1 69 

13 7 * 1 19 

12 6 

79 6 149 6 

Plasma volume (liters) 

2 76 * 0 05 

0 44 * 0 03 

16 9 

1 94 - 3 72 

Plasma volume (cc per Kg ) 

48 9 * 0 87 

7 1 * 0 61 

14 5 

35 9 65 9 

Red cell volume (liters) 

3 36 * 0 12 

0 98 * 0 08 

29 1 

2 22 5 67 

Red cell volume (cc per Kg ) 

59 7*1 07 

8 7 0 76 

14 6 

41 5 9.3 2 

Total hemoglobin (Gm ) 

1,150 * 28 

226 * 19 

19 6 

753 - 1,319 

Total hemoglobin (Gm per Kg ) 

20 7 * 0 40 

33 *023 

16 9 

14 2 30 1 


2 In Morococha (at 4,540 Meters, 14,900 Ecet) 




A With Bnlliant Vital 

Red (6 Subjects) 

Blood volume (hters) 

6 98 ± 0 50 

1 50 * 0 36 

21 5 

5 69 1014 

Blood volume (cc per Kg ) 

120 8*4 08 

13 5 * 1 94 

11 2 

113 5 145 9 

Plasma volume (liters) 

2 65 * 0 30 

0 44 * 0 10 

16 6 

2 00 3 50 

Plasma volume (cc per Kg ) 

46 1 * 1 27 

4 2 * 0 90 

91 

40 8 - 52 1 

Red ceU volume (liters) 

4 29 * 0 38 

1 14 rn 0 27 

26 6 

3 03 - 6 59 

Red cell volume (cc per Kg ) 

74 1 * 3 86 

12 8 * 2 73 

17 2 

541 -948 

Total hemoglobin (Gm ) 

1,464 * 123 

364 * 87 

24 9 

1,081 - 2,185 

Total hemoglobin (Gm per Kg ) 

25 2*117 

39*081 

15 4 

19 3 - 21 4 


B 

With Evans Blue 

(11 Subjects) 


Blood volume (liters) 

5 89 * 0 16 

0 73 * 0 11 

13 2 

5 01 7 58 

Blood volume (cc per Kg ) 

100 3 * 2 30 

10 8 * 1 62 

10 8 

86 4 - 126 4 

Plasma volume (liters) 

2 14 * 0 06 

0 27 * 0 04 

12 6 

1 66 - 2 59 

Plasma volume (cc per Kg ) 

36 2 * 0 55 

2 6 ± 0 39 

72 

32 3 40^ 

Red cell volume (liters) 

3 73 * 0 15 

0 71 * 0 11 

19 0 

2 S3 5 56 

Red cell volume (cc per Kg ) 

64 1 * 2 39 

11 2 * 1 69 

17 5 

49 7 - 92 7 

Total hemoglobin (Gm ) 

1,293 * 54 1 

254 * 33 2 

19 6 

997 - 1,926 

Total hemoglobin (Gm per Kg ) 

22 0 * 0 87 

4 1 ± 0 61 

18 6 

17 2-321 
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or nearby, where they were investigated or at 
altitudes over 3,050 meters (10,000 feet), m the 
latter case with a long residence in Oroya or 
Morococha For 15 residents of Oioya and 18 of 
Morococha arterial blood was obtained and 
analyzed for its oxygen saturation in order to 
determine the degree of anoxemia to which the 
hematologic characteristics corresponded Tables 
16 , 17, 18 and 19 contain the results obtained in 
all the studies made for these senes of subjects 
In Oroya, the lower locality, wheie the mean 
arterial oxygen saturation was found to be 
87 6 ±: 0 27 pel cent, with variations between 
84 4 and 90 2 per cent, the mean hemoglobin 
content was 18 82 ±: 0 15 Gm per bundled cubic 

__ ALTITUDE (THOUS4N0S FEtTl 



Chart 12 — Relationship between the mean arterial 
oxygen saturation (per cent) and the mean hemoglobin 
content (grams per hundred cubic centimeters) m healthy 
male residents at different altitudes The points used 
in the construction of the curves correspond to our 
observations and those made by Barcroft and others,® 
Stammers, Talbott and Dill and Andresen and 
Mugrage 

centimeters, m 36 men (90 per cent) the con- 
centration exceeded 17 50 Gm , with a maximal 
value of 22 05 Gm , and m only 4 subjects (10 
per cent) it fell within the limits of variations 
seen at sea level (chart 11) The hematocrit 
reading also showed proportional increases, in 
35 men (87 5 per cent) it was higher than 500 
per cent red cells, with a maximal value of 65 4 
per cent In Morococha, the higher place, with a 
mean arterial oxygen saturation of 81 4 re 0 45 
per cent and variations between 75 2 and 86 2 per 
cent, the increases m the hemoglobin and hema- 
tocrit values were greater, as shown by the mean 
values of 20 76 rh 0 20 Gm and 59 9 ±: 0 66 red 
cells per cent All subjects had hemoglobin 
and hematocrit values over 17 50 Gm and 50 0 
per cent, respectively , in 2 cases the high figures 


of 25 40 Gm and 76 2 per cent weie obtained 
The graphic con elation of the mean values of 
aiterial oxygen saturation and the hemoglobin 
concentration coriespondmg to lesidents at sea 
level and at different altitudes obtained in pre- 
vious investigations “ and by us, in which the 
hemoglobin has been calculated from the accurate 
determination of the oxygen-bmdmg capacity of 



Chart 13 — Diameter of the red blood cells at sea 
level and at high altitudes The solid line represents 
measurements made for 130 healthy men living at sea 
level (a total of 39,400 cells measured) , the interrupted 
line, measurements made for 72 healthy male residents 
of Oroya (at 3,740 meters , 12,240 feet) and Morococha 
(4,540 meters, 14,900 feet) (a total of 17,100 cells 
measured) 

the blood, shows a striking inveise lelationship 
between the degree of arterial oxygen saturation 
and the level of hemoglobin in the circulating 
blood (chart 12) 

The morphologic characteiistics of the red 
blood cells varied in some lespects from those 
observed in healthy residents at sea level (table 
20) The circulating erythiocyte at high alti- 

54 The mean value of 20 76 ± 0 20 Gm of hemo- 
globin is considerably higher than 15 93 ± 0 20 Gm , a 
mean obtained by one of us (A H ) m 1932 in obser- 
vations made on healthy men living in the same locality 
The reason for this discrepancy was found in a later 
investigation to be due to the water used for the dilu- 
tion of the blood sample in the Sahh hemoglobinometer, 
a technic employed m the 1932 study, after addition of 
the water available in this place the color of tlie hematin 
solution faded rapidly, giving, in consequence, abnormal 
low values 

55 Barcroft and others s Stammers Talbott and 
Dill Andresen and Mugrage 
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tudes has a larger size, as shown by an increased 
mean volume, diameter and surface area, the 
Pnce-Jones cuives con espondmg to the measure- 
ment of the diameter of several thousands of red 
cells at sea level and at high altitudes (chart 13) 
levealed a displacement to the right in the latter 
places, whei e 40 8 per cent of the cells had a 
diameter above 8 00 microns, as compaied with 
16 3 pel cent at sea level , on the other hand, a 
diametei of less than 7 00 microns was observed 
111 24 9 pel cent of the red cells of subjects 
studied at sea level, in contiast with 9 6 per 
cent at high altitudes The tendency to a slight 
macrocytosis at high altitudes has been observed 
111 previous investigations , mean corpuscular 
volumes of 96 2 and 94 1 cubic microns have been 
found for the native lesidents of Moiococha and 


Tabie 20 — Mo} pholoqic Chmactcjistics of the Red 
Blood Cells of Healthy Men (Residents) 
of Difteient Altitudes 



Lima 

Oroya 

Morococha 

Altitude 

Sea level 

3,730 meters 

4,540 meters 

Number of subjects 

175 

40 

Ilean rt P E 

32 

Corpuscular mean vol 



S 

lime (cu micions) 
Corpuscular mean diam 

01 3 ± 0 23 

95 2 ± 0 58 

97 5 ± 0 75 

eter (microns) . 

Corpuscular mean thick 

7 48 ± 0 01 

7 88 ±0 03 

7 74 ± 0 01 

ness (microns) 
Corpuscular mean sur 

2 09 ± 0,01 

1 97 ± 0 02 

2 08±0 02 

face area (sq microns) 

137 -+- 0 22 

140 -h 0 47 

145 -1- 1 18 

Spherocytic index 
Corpuscular mean homo 
globin (micromicro 

0 28 ± 0 01 

0 25 ± 0 01 

0 25 ± 0 01 

grams) 

Corpuscular meanhemo 
globin concentration 

31 2 ± 0 09 

JO U -f* U Jo 

33 9 ± 0 29 

(%) 

34 1 ± 0 07 

34 8±0 10 

34 7 ± 0 12 


Quilchua (at 4,540 and 5,340 meters, respec- 
tively) Talbott®® reported an increase m 
the size of the red blood cells in the nieni- 
beis of the Chilean High Altitudes Expedition 
after a prolonged residence The high red 
cell count associated with the moderate increase 
in the cell volume at high altitudes makes the 
latter charactei istic moie significant, because 
at sea level a greater number of red cells pei cubic 
milhmetei is accompanied by a decreased cell size 
(table 4) The hemoglobin content of the red 
cells was found to be elevated in the residents of 
high altitudes as compared with the observations 
made at sea level, but the increase corresponded 
to their larger size, as shown by the coipusculai 
hemoglobin concentiation (per cent), which was 
piactically unchanged at all altitudes 

It has been postulated by some investigators 
that the hemoglobin is distributed on the surface 
of the red cells, a statistical study of oui obser- 
vations on healthy men living at sea level and 

56 Talbott, J H Folia haemat 55 23, 1936 


at high altitudes (which include a total of 130 
and 72 men, lespectively) fails, however, to 
support such a vieu The coefficients of corie- 
lation between mean corpusculai volume and 
mean corpuscular hemoglobin were found to be 
-b 0 7791 ± 0 0232 and 4- 0 8636 ± 0 0202 for 
the series of subjects studied at sea level and 
at high altitudes, i espectively, while the coiie- 
sponding coefficients between mean corpuscular 
suiface area and mean corpusculai hemoglobin 
weie -f 0 5272 ± 0 0427 and -f- 04503 = 

0 0633 

The mean values for the i eticulocy tes, in pei 
cent and pei cubic millimeter, weie higher than 
the con espondmg ones at sea level, and the in- 
ci ease was especially marked at the higher 
altitude (Morococha), where the large majoiity 
of the natives showed values well above the 
uppei sea level limit of vaiiation (chait 11), 
the highest obsei ved value was 3 3 per cent 
Barci oft and his collaboratoi s ® found that 5 
native residents of Cerro de Pasco (4,330 
meters, 14,200 feet of altitude) had reticulated 
counts between 1 2 and 2 0 per cent, with an 
average of 1 5 per cent, and that 4 American 
lesidents had counts between 1 3 and 1 5 pei 
cent At the extremely high elevation of 5,340 
meters (17,500 feet) Talbott and Dill®®’* ob- 
served counts of 0 4, 0 6 and 3 4 pei cent m the 
blood of 3 residents No nucleated led cells in 
the peiipheral blood have been obsei ved m pre- 
vious investigations or by us m residents of 
high altitudes 

A definite rise was observed in the senim 
bilirubin, which confii med previous but less com- 
plete observations ®®'^’ ® The mean values of 

1 47 ± 0 09 and 1 56 ± 019 mg pei hundred 
cubic centimeters, obtained m Oroya and in 
Moiococha, respectively, indicated approxi- 
mately 100 per cent increase over the mean 
noimal value at sea level, and m the majority 
of the subjects the pigment was piesent in a 
concentration exceeding 1 00 mg per hundred 
cubic centimeters (chart 11) At the higher 
altitude (4,540 meteis, 14,900 feet) we deter- 
mined the bilirubin in its total and fractionated 
forms in 20 natives, it was found that the m- 
ciease affected almost exclusively the indirectly 
determined pigment, the ratio direct total bili- 
rubin had an average value of 29 5 per cent, in 
contrast with 51 4 per cent obser\ed at sea le\el 

The bihrubin-excretory function of the Iner 
was investigated in 4 native residents of Moro- 

57 Burker, K Arch f Ph 3 'siol 195 516, 1922 
Brinkman, R, and Szent-Gjorgj , A. J Ph\siol 58. 
204, 1923 Rabinow itch, I M , and Strean, G Hemo- 
globin Content of Red Blood Cells in Relation to Their 
Surface Area, Arch Int ^led 34 124 (Jul\) 1924 
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cocha by injecting 50 mg of bilirubin and de- way in 3 of them, in 1 it was practically un- 

termining its concentration m the blood three changed No significant alterations were ob- 

hours after the injection (method of von Berg- served in the group of 4 men studied first at sea 

man, quoted by Dameshek and Singer =3) , the level and latei on arrival at high altitude in 

same men were brought down to sea level ten regard to the basal pigment and the degree of 

days later, where the test was repeated twenty retention of the injected bilirubin 

to thirty-six hours after arrival For compara- The viscosity of the blood of 30 native resi- 
tive purposes the same test was performed for dents of Oroya (3,730 meters, 12,240 feet) had 

4 residents of sea level and repeated immediately a mean i alue of 8 4 ± 0 21 with a standard 

after their arrival to Morococha The results deviation of 1 7, figures which are distinctly 

obtained in the sixteen tests are given in chart 14 higher than the corresponding ones, of 4 64 ±: 
The 4 natives studied m Morococha, all with an 0 025 and 0 86, obtained by Nygaard, Wilder 



Me % 


Chart 14— Results of bilirubin excretion tests of health^ men at sea level and at high altitudes I, basal 
serum bilirubin, II, serum bilirubin five minutes after an intravenous injection of SO mg , III, serum bilirubin 
three hours after the injection Notice the increase in the basal bihrubm which occurs when men living at high 
altitudes are brought dowm to sea level 

initial bilirubin concentration above 1 00 mg per snd Beikson for 503 subjects studied at sea 
hundred cubic centimeters, showed a higher de- level Holbrook and Watson found, also at 
gree of retention of the injected bilirubin than sea level, an average value of 5 08, with varia- 
the men studied at sea level , in 2 of them the tions between 4 0 and 6 0, in 97 normal subjects 
retention was marked (62 9 and 86 7 per cent) , — 

when brought down to sea level all showed an 58 Nygaard, K K , Wilder, M, and Berkson, J 
increase m the basal value for bilirubin, but, on Am J Physiol 114 128, 1935 
the other hand, the excretion of the injected 59 Holbrook, A A, and Watson, B M Am J 
pigment was accomplished m a more complety if Sc 198 750, 1939 
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The fragility of the red blood cells to hypo- 
tonic solutions of sodium chloiide was found to 
be essentially normal in the subjects investigated 
in Oroya The mean values, of 046 ± 0 001 
and 0 38 ±: 0002 per cent, for initial and total 
hemolysis, respectively, were the same as those 
obtained at sea level Only m 2 subjects the 
\ allies obtained foi initial hemoljsis were slightly 
higher than the uppei limit obsei ved at sea level, 
which showed some evidence of inci eased 
fragility 

The numbei of leukocj^les pei cubic milhmctei 
did not show any significant alteiation in the 
native residents of high altitudes The mean 
observed values m Oroya and Moiococha w'-eie 
almost identical wnth the one obsei ved at sea 
le\el, 111 only 1 subject at the highei altitude, a 
slight leukocytosis (10,900 wdnte cells pei cubic 
milhmetei ) was observed On the othei hand, 
the differential leukocyte count when compared 
wnth the sea level values showed a mean per- 
centage inciease in the lymphocytes, more 
maiked the higher the altitude, with a corre- 
sponding decrease m the segmented neutiophils 
and eosinophils and, to a lesser degiee, in the 
monocytes, the mean values of the stab neutro- 
phils and basophils did not show any appreciable 
change This relative lymphocytosis has been 
observed in previous investigations made at high 
altitudes , these have been summarized by Loewy 
and Wittkower In this respect it is inteiestmg 
to mention that the variation in the difteiential 
leukocyte count has been found to exist in resi- 
dents of elevations below 2 000 meteis (6,560 
feet) ““ 

The cii dilating blood volume w^as investigated 
foi 47 healthy Indian natives, 30 of them resi- 
dents of Oroya (at 3,730 meters, 12,240 feet) 
and 17 residents of Morococha (at 4,540 meters, 
14,900 feet) In the latter place 11 of the 
deteiminations weie earned out by means of 
injection of the dye Evans’ blue (method of 
Gibson and Evans ^'^) , all the others weie made 
with the dye biilliant vital led The lesults ob- 
tained in both places agreed in the finding of 
an inci eased total cell volume m all subjects 
investigated, but the degiee of the mciease was 
not similar in the tw'o methods (table 19) In 
Oroya, the lowei place, the cell volume, ex- 
piessed m cubic centimeteis per kilogiam of 
body weight, showed a mean inci ease of 59 7 
per cent over the coi i esponding sea level value , 
in Morococha, the higher altitude, the mean 
inci ease was 90 9 pei cent with the bi illiant i ital 

60 Ruppanner, E Schweiz med Wchnsclir 50 
105, 1920 Stammers, AD J Phj'siol 78 335, 1933 
Peterson, R F , and Peterson, W G T Lab & Clm 
Med 20 723, 1935 Fitzgerald 


red method and 65 2 per cent with the Evans’ 
blue The plasma volume, in cubic centimeteis 
per kilogram of body weight, was found to be 
practically unchanged at both altitudes, acroid- 
ing to the deteiminations made wnth biilluint 
vital led, but liad an aveiagc decieasc of 23 1 
pel cent m Morococha, in those men m whom 
the Evans’ blue dye w^as employed 

The discrepancy between tiie results obtained by tlie 
two dye methods cannot be strictly attributed to their 
different technical chaiaetcnstics , the small number of 
subjects studied m each series may be an important 
factor in explaining the higher cell volume observed 
with the brilliant vital red In a recent obsei vation, 
not included m this paper, a determination of the blood 
•volume made fot 1 healthy native resident of Aforo- 
cocha by means of the dye Evans’ blue gave the values 
of 165 2, 32 0 and 132 3 cc of blood, plasma and itd 
cells, respectively, per kilogiam of body weight Another 
indication of the possible accuracy of the results ob- 
served with brilliant vital red is the high correlation 
coefficient, of -{- 0 8008 ± 0 0269, obtained between the 
hematocrit level and the total red cell volume of 79 sub- 
jects studied at high altitudes with this dye method 
(including healthy natives and persons with pathologic 
conditions, the latter to be discussed in the next chapter) 
An analogous correlation has been found to exist in 
cases of polycythemia vera,®i in the study of which 
Evans’ blue dye was employed, and m dogs investigated 
by means of radioactive iron °- 

Taking into consideration the objections which have 
been raised in regard to the use of tlie hematoent in 
the determination of the total blood volume and the 
recent criticisms concerning the accuracy of the linear 
extiapolation for the calculation of the plasma volume 
with Evans’ blue dje, it seems appropriate at the present 
time to stress the value of comparative studies made 
with similar technics rather than the strict significance 
of absolute figures obtained by a given method In 
reviewing the impoitance of determinations of blood 
volume Keith has lecently remarked that "the ideal 
method of estimating plasma and blood volume has still 
to be discovered ’’ 

The existence of a polycythemic noimovoleniia 
oi hypervolemia m residents of high altitudes 
has been demonstiated m previous investigations 
made at moderate elevations Lippmann,'^"’ in 
1926, obtained average values of 87 3, 40 2 and 
47 1 cc of blood plasma and red cells per kilo- 
gram of body w^eight m 4 men living in Davos, 
at an altitude of 1.590 meters (5,000 feet) , 
Lozoya Solis ''''' in 1936, determined the blood 
lolume of 53 healthy men living in the city of 
Mexico, located at an altitude of 2,260 meters 
(7 140 feet) and found mean \ allies of 92 4 and 

61 Gibson, J G Min Int Med 14 2014 1941 

62 Hahn, P H , and Bale, W F Am J Plij sio! 
136 314, 1942 

63 King, B G , Cole, K S , and Oppenheinier, E T 
Am J Phvsiol 138 636, 1943 DaMs3« 

64 Keith, N M J Alt Sinai Hosp 8 692, 1942 

65 Lippmann, 4 Klin Wchnschr 5 1406, 1926 

66 Lozoia Solis, T Arch latiiio-am dt cardiol % 
hemat 6 241, 1936 
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50 7 cc of blood and led cells pei kilogram of 
bod}" weight, which he consideied to lepresent 
increases of 8 7 and 12 7 pei cent, i espectively, 
over the sea level values The plasma volume 
n as unchanged The con elation of ovn findings 
with those obtained m these investigations seems 
to indicate that theie is an inverse relationship 
between the \olume of circulating red cells, ex- 
pressed in cubic centimeteis pei kilogram of 
body weight, and the aiteiial oxigen saturation 
The higher the altitude and the degree of 
anoxemia, the moi e marked is the increase in the 
cell volume, while the plasma volume remains 
unchanged or deci eases 
The polycythemia associated with constant ex- 
posure to a low baiometric pressuie has also 
been long since veiified m animals living at high 
altitudes®' Izquierdo cited the investigations 
of Vergara Lope?, ^^ho in studies made m the 
cit} of Mexico in 1899 found an mciease of red 
blood cells in guinea pigs Hall Dill and 
Barron®'® observed an iiici eased amount of 
hemoglobin m the blood of sheep and rabbits 
In mg at altitudes mei 3 050 meteis (10,000 
feet) , these in\ estigators made the interesting 
observation that in the llama a native animal 
of the high Andean plateau an mci easing level 
of altitude corresponded to a deci easing amount 
of hemoglobin in the blood Rotta has ob- 
serred m dogs living m Moiococha (at 4,540 
meters , 14,900 feet) changes in the blood volume 
parallel to those found by us in the Indian natne 
1 esidents of that place , in detei minations made in 
9 dogs he found an increase of 44 5 per cent 
ill the red cell volume nhile the plasma volume 
was almost identical to the one obsened m the 
comparative studies made at sea leiel (table 21) 


Table 21 — Detei minattons of Blood Vohanc =* of Doqs 
at Sea Level and in Mot ococlia (at 4, NO Meteis, 
14,900 Feet) Data Taken jtoui Rotta 



Sea Level 

lloroeocln 

Xumber of dogs 

8 

9 

Average weight (Eg } 

90 

70 


Mean db P ^ 




Blood volume (cc per Kg ) 

807 ±1 01 

90 0 d: 2 02 

Plasma volume (cc per Eg ) 

45 9 0 04 

457±1 50 

Bed cell volume (cc per Eg ) 

31 0 ± 1 14 

500±222 

Hemoglobin (Gm per Eg ) 

11 0 ± 0 27 

151 ±031 


» IVith dye bnlinnt %ital red 


67 (a) Izquierdo, J J Compt rend Soc de biol 
87 1195, 1922 (b) liIuHigan, R M Am J Physiol 

133 394, 1941 (c) Hall, F G , Dill, D B , and 
Barron, E S G J Cell & Comp Phvsiol 8 301, 
1936 fd) Rotta, A La circulacion en las grandes 
alturas, Lima, Facultad de Medicina, 1938 


Ohservahons m Cases of Pneumonocomosts 
(Sihcosis) —Studies were made in Oroya (at 
an altitude of 3,730 meters [12,240 feet]) on 
82 pel sons who had silicosis acquired while they 
were tvorkmg m mines located at high altitudes 
Owing to the anatomic alterations in the lungs 
these patients often showed an abnormal accen- 
tuation of the arterial oxygen unsatuiation pres- 
ent in some degiee in all dwellers of high alti- 
tudes It w"as, in consequence, interesting to 
investigate the effects of this mci eased degree 
of anoxemia on the hematologic characteristics 
of the ciiculatmg blood 

All the silicotic pel sons \vere Indian natives 
born and living at high altitudes, their ages 
\"aned between 25 and 56 yeais Their ph}sical 
characteristics coriesponded to then lace, and, 
with few' exceptions, undernourishment was not 
levealed by the clinical examination The diag- 
nosis of silicosis was made wnth consideration 
of the occupational liistor} (exposure to siliceous 
dust wdiile w'oiking in the mines) and the find- 
ings in the roentgenogi am of the chest The 
pulmonary lesions fluctuated from discrete nodu- 
lations to large aieas of confluent fibrosis No 
person wuth tubercle bacilli in the sputum or 
w'lth an obvious associated tuberculosis has been 
included m this series In each case m addi- 
tion to and simultaneous wnth the taking of the 
venous blood sample on w'hich the different 
hematologic studies w’ere carried out an aiterial 
punctui e w'as made and the blood taken anah'zed 
foi Its caibon dioxide content and oxigen satin a- 
tion The lattei varied between 43 3 and 90 8 
pel cent Forty of the men showed a satin ation 
of 84 0 per cent or highei, corresponding to that 
found in the healthy residents of the altitude 
w'here the investigations were made, in 33 it 
vaiied betw'een 72 0 and 83 9 per cent, m 5 it 
w'as found to fluctuate betw'een 60 0 and 71 9 pei 
cent, and, finally, m the remaining group of 4 
the ai terial oxygen saturation was less than 60 0 
per cent, the low est value being 43 3 per cent 
The last two groups included 4 silicotic men 
w'lth obvious clinical signs of an associated circu- 
latory insufficiency The results obtained in the 
different investigations on the blood are given 
in relation to the degiee of anoxemia, in tables 
22 and 23 and presented graphically in charts 
15 and 16 

Men with silicosis in w'hom no accentuation 
of the degree of anoxemia w'as caused by the 
pulmonary lesions presented hematologic char- 
acteristics similar to those observed m the heakln 
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residents of the altitudes wheie they lived 
On the othei hand, silicotic men with an ah- 
noimal and moie pronounced unsaturation of the 
•aiteiial blood showed definite rises in the con- 
centiation of led blood cells and hemoglobin, 
which were, up to a ceitain limit, gi eater the 
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Chart 15 — Relation between values for hemoglobin, 
reticulocytes and bilirubin and the degree of arterial 
oxygen saturation in persons with silicosis studied at 
high altitudes 


highei the degiee of anoxemia The 3 highest 
hemoglobin and hematocrit values obseived were 

68 All the men with silicosis lived at altitudes of 
about 4,200 to 4,500 meters (13,800 to 14,800 feet), 
where the mines were located, but the study was made 
one or two days after their arrival at Oroya, at an 
altitude of 3,730 meters (12,240 feet) Thus, the arterial 
oxygen saturation found m the investigations corre- 
sponded to the latter altitude, while tlie hematologic 
characteristics were related to the influence of the higher 
altitudes where they lived 


26 89, 2/ 47, 28 68 Gm per bundled cubic centi- 
meters and 81 1, 81 2 and 82 3 per cent led cells, 
lespectiveJy The determination of the blood 
volume of the respective subjects levealed, simi- 
laily, a marked mciease m the cell volume, also 
m piopoition to the degiee of anoxemia, accom- 
panied by a deci eased plasma volume In 11, 
or 25 per cent of the cases studied, the blood 
volume was highei than 150 cc per kiJogiam 
of body weight, and in 13 cases, or 29 5 pei cent, 
the led cell volume, similarly expiessed, was 
highei than 100 cc In a case of advanced 
silicosis, studied subsequently and not included 
in this senes, a deteimination of blood volume 
made with Evans blue dye gave the following 
results 150 2, 48 2 and 101 2 cc of blood, plasma 
and red cells, i espectively, pei kilogram of body 
weight 

These men with silicosis, all studied at the same alti- 
tude and showing great variability m the degree of 
anoxemia and in the level of polycythemia, offered a 
good opportunity to investigate the possible influence of 
other factors, m addition to the arterial oxygen insatu- 
ration, on the hematologic characteristics In regard to 
the carbon dioxide content of the arterial blood, an 
increase of %vhich has been cited as capable of elicit- 
ing a polycythemic response,co a correlation coeffi- 
cient of — 0 3275 ff: 0 0686 w’as obtained between the 
arterial content of this gas (in volume per cent) and 
of hemoglobin (grams per hundred cubic centimeters), 
m contrast to the one of —0 4265*0 0629 obtained 
between the arterial oxygen saturation (in per cent) 
and the hemoglobin (similarly expressed) Both corre- 
lations were linear (no significant difference with the 
correlation ratios) and independent of each otlier (the 
partial correlation coefficients had the same values) 

The possibility of an unequal disti ibution of red blood 
cells in the vascular system, a factor which in the past 
has been thought to explain, at least in part, the poly- 
cythemia of high altitudes,'^o also has been investigated 
for 44 subjects (some of whom were healthy men) red 
blood cell counts were made on samples of capillary 
and venous blood taken simultaneously, the mean ob- 
served counts were 6 30 ±0 09 and 6 21 ±010 millions 
per cubic millimeter, respectively, in 66 per cent of the 
cases the capillary count was higher than the venous, 
the average difference being 024 millions In IS cases 
of silicosis the red cell count was determined on sam- 
ples of capillary, venous and arterial blood taken simul- 
taneously, the mean values (millions of red cells per 
cubic millimeter) corresponding to these senes of deter- 
minations were found to be as follows capillary blood, 

7 52 ±022, venous blood, 7 33 * 0 20 , arterial blood, 
719*021 The differences between these mean values 
have no statistical significance Finally, m 19 cases of 
silicosis a hematocrit determination was made on venous 
and on arterial blood, also taken simultaneously, the 
mean observed values were 696 ± 1 15 and 697 ±114 
per cent red cells, respectivelj These results shov 
that the degree of poljcvthemia was essentially similar 


69 Jordan, H E and Speidel, C C T Exper ]tfcd 
40 1 , 1924 

70 Campbell, W A , and Hoagland, H W Am J 
Ikf Sc 122 654, 1901 Foa, C Lab sc internat du 
Mont Rosa, Turin 1 15, 1904 Gov da, T Chem Zer- 
tralbl I 672 1911 
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m the different sections of the vascular system, with a 
slight tendency to be higher in the capillary circuit 

The various morphologic characteiistics of the 
circulating erythrocytes were similar to those 
found m the group of healthy natives, a slight 
macrocytosis and a normal coipusciilar hemo- 
globin concentration were the essential findings 
Fewei reticulocytes were observed in these sub- 
jects, this was perhaps related to the fact that 
the> were studied at an altitude lower than then 
habitual place of residence The seium bilirubin 
was elevated m almost all the subjects, in 12 
men, or 27 3 pei cent of the total, the concen- 


A certain degree of equilibrium between foi- 
mation and destruction of blood seems to be 
attained in these persons with severe anoxia and 
marked polycythemia, administration of phenyl- 
hydrazine to a sihcotic patient who had a red 
cell count of 10,630,000 per cubic millimeter (the 
highest count observed by us at high altitudes) 
caused a sharp increase in the serum bihiubin 
followed by a definite accentuation of the le- 
ticulocytosis (chart 17) Study of the data pre- 
sented m tables 22 and 23 and in charts 15 and 
16 indicates that the stimulating effect of the 
anoxic stimulus in eliciting a polycythemic 



Chart 16 — Mean blood volumes for four groups ot men vith sibcosis studied 'at high altitudes, ananged 
according to the degree of arterial oxjgen saturation (The black zone represents red cell rolume, the shaded 
zone, total hemoglobin, the white zone, plasma volume) 


tration exceeded 3 00 mg pei hundred cubic 
centimeters, and the highest observed values were 
4 67, 5 55 and 7 24 mg The viscosity of the 
blood was greatly augmented, and the mean val- 
ues obtained for the different groups of subjects 
revealed about 100 per cent inciease over the 
corresponding values foi the healthy residents, 
the highest obseived viscositj was 32 0 The 
coefficient of correlation between the hematociit 
level and the tiscosity of the blood, calculated 
horn all the observations made on healthy and 
on pathologic subjects, was -{- 0 8205 ± 00227, 
a coefficient similar to the one obtained by 
Njgaaid, Wildei and Berkson in investiga- 
tions made at sea level 


lesponse had a w'ell defined limit in the cases 
w^e are discussing The greatest increases in the 
hemoglobin and hematociit values were observed 
in men wdio had an arterial oxj'gen saturation 
between 70 0 and 860 pei cent The poly- 
cythemic hypenmlemia attained its highest values 
m the same gioup of cases With saturations 
of approximately 68 0 per cent or less there was 
a decrease in the hemoglobin and red cell volume, 
accompanied by a highei plasma volume (chart 
18) and a greater numbei of reticulocj-tes (but 
in no case, regardless of the degree of anoxemia, 
weie nucleated red cells found in the peripheial 
blood) , the plasma bilirubin ^did not increase 
The correlation of the arterial oxygen saturation 
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Chait 17 — Values for red blood cells, reticulocytes 
and bilirubin determined duiing the administration of 
phenylhydrazine to a silicotic patient with a high level 
of polycjdhemia Observations made at high altitudes 


the mean arterial oxygen satin ation was 76 2 pei 
cent, on fuithei ascent to an altitude of 6,140 
meteis (20,140 feet), which i educed the mean 
saturation to 65 6 per cent, a decrease m the 
hemoglobin and red blood cells w^as observed, 
Talbott suggested an increased rate of destruction 
of blood as the possible etiologic factor for this 
decrease 

The high level of polycythemia found in men 
wuth silicosis was not associated with a coiie- 
spondmg increase in the number of leukocytes 
per cubic millimeter (table 22) Even the sub- 
jects who had a pronounced degree of anoxemia 
or a high level of polycythemia failed to show' 
significant variations in the concenti ation of 
white blood cells, the dififeiential leukocyte 
count, detei mined for 20 of these men, levealed 
frequent increases in the percentage value of stab 
neutrophils, but m no instance were metamyelo- 
cytes observed (table 24) The lack of coiie- 
lation between the number of red and of white 



Chart 18 — Plasma volume in relation to the degree of aiterial oxygen saturation in 43 patients -with silicosis 
studied at high altitudes The hoiizontal interrupted line repiesents the mean plasma ^olume for health} iiatne 
residents (determinations made with brilliant vital red dye) 


With the concenti ation of hemoglobin in the 
cii dilating eiythiocytes levealed that an inci eas- 
ing degree of anoxemia was associated wnth a 
giadual diminution in the amount of hemoglobin 
held by the red cells (chait 19) , in this con- 
nection it was also significant to find a deci eased 
mean coipusculai volume in the men who had an 
unusually high aiteiial insatui ation (table 22) 
The obseivations made by Talbott on the mein- 
beis of the High Altitude Expedition to the 
Chilean Andes have a i elated significance, the 
highest level of polycythemia w'as found at an 
ele^ ation of 5,340 meteis (17 500 feet) where 


blood cells in the peiipheial blood and the 
absence of leukocytosis as a i espouse to a con- 
dition of chionic anoxemia may be apjireciated 
in chait 20 

Chemical study of the gasliic contents in 
hematologic disordeis has attained a consider- 
able interest in lecent }eais Most of this re- 
lates to the causatne mechanism of various 
anemic processes, but it has been suggested 
that lariations in the gastiic acid content induce 

71 Lombardi, E , and Cmo, T \ Rifoniia med 
52 1343, 1936 





Table 22 — Obseivatwns on Blood of Patxcnts ivith Sihcosts Grouped Accoidtng to the Dcgxcc of Anoxemia 

(Study Made at an Altitude of 3/30 Meteis, 12,240 Feet) 




Arterial 0 

2 Saturation 



84% or More 

72 0 83 9 % 

GO 0 71 9% 

Less Than fiO 0 % 

Number of cases 

40 

33 

5* 

4t , 

Red blood cells (millions per cu mm ) 





Mean ± P E 

0 Co ± 0 10 

7 72 ± 0 09 

7 99 + 0 49 

798 + 053 

Standard deviation ± P E 

0 90-1-007 

0 SO + 0 06. 

1 47 + 035 

1 35 + 0 37 

Coefficient of \ ariation (%} 

lo5 

10 3 

38 4 

16 9 

EAdremo variations 

4oS 8 30 

5 04 9 22 

etc 10 03 

5 63 9CG 

Hematoent reading (red cells, pet cent) 





Mean ± P E 

ai T -g 0 05 

71 0 + 0 82 

1 74 7 + 2 12 

079 + 2 34 

Standard deviation ± P E 

0 1 -4- 0 10 

7 0 + 0 5S 

03 + 150 


Coefficient of variation (%) 

95 

9 8 

8'i 

88 

Extreme variations 

51 S 80 1 

58 7 812 

CO 2 - 82 3 

58 5 - 74 1 

Hemoglobin (Gm per 100 cc ) 





Mean ± P E 

21 52 0 10 

23 77 -4- 0 24 

24 20 0 85 

2058 + 0 72 

Standard deviation ± P E 

1 87 0 14 

2 04 + 0 17 

2 53 + 0 00 

1 80 + 0 o3 

Coefficient of variation (%) 

SC 

85 

30 4 

90 

Extreme variations 

ISOS 2GCf 

39 2u 27 47 

21 77 28 GS 

17 GO - 22 72 

Corpuscular mean \olume (cu microns) 





Mean ± P E 

90 7 -4- 1 19 

92 S + 1 00 

95 4 + 4 15 

882 + 803 

Standard deviation ± P E 

11 2-+-0S4 

82-4-OCS 

12 3 -4- 2 93 

206 + 500 

Coefficient of vanation (%) 

li 5 

88 

12 9 

23^ 

Extreme variations 

SnO 120 9 

771 ICC 2 

70 4 109 9 

72 4 123 7 

Corpuscular mean bemoglobm (micromicrograms) 





Mean ± P E 

32 7-4-0 33 

31 1 + 034 

31 I + 1 09 

26 9 + 2 72 

Standard deviation ± P E 

3 1 -4- 0 23 

2 9 + 0 24 

50 + 1 39 

70-M 92 

Coefficient of vanation (%) 

94 

93 

30 0 

26 0 

Extreme variations 

27 5 413 

20 1 38 C 

23 5 35 7 

21 0 - 38 9 

Corpuscular mean bemoglobm concentnilion (^) 





Mean ± P E 

33 9 -4- 0 09 

13 3 + 0 33 

52 4 + 0 50 

SO 3 + 0 64 

Standard deviation ± P E 

09-4-007 

3 1 +009 

1 5 + 0 30 

1 4 -hO SB 

Coefficient of variation (%) 

2C 

3 o 

4 0 

46 

Extrema variations 

33 4 35 4 

SI 2 SC 7 

30 0 34 9 

282-31 5 

Reticulocytes (per cent) 





Mean P E 

OC-4-007 

0 7 ± 0 OG 

0 6 + 0 20 

19 + 027 

Standard deviation P E 

0 5 0 05 

05±004 

OG + 0 34 

0 7 + 0 39 

Coefficient of vanation (%) 

833 

73 4 

300 0 

30 8 

Extreme variations 

0 14 

0 22 

02 20 

00 24 

EcuKoeytes (per cu mm ) 





Mean P E 

C.COO ± 220 

G,770 + 173 

O', 360 ^ 7/y 

7,330 + 004 

Standard deviation d: P E < 

2,000 + 365 

1,480 + 122 

2,310 it 552 

1,550 + 420 

Coefficient of variation (%) 

312 

21 7 

30 3 

211 

Extreme variations 

4,C40 38,280 

4,300 33,200 

5,CS0 30 GOO 

6,360 8 960 


* Intlndc« 1 patient vith circuintorj insufflclencr 
t JntliKles patients iiltli circulaton insuffleieno} 


Table 23 — Obseivatwns on Blood of Patients with Sdtcosis Giouped Aceoiding to the Dcgtee of Anoxemia (Study 

Made at an Altitude of 3/30 Mctcis, 12,240 Feet) 


Number of cases 

Blood volume (cc per Kfe ; 

Mean ±: B E 

Standard deviation ± P E 
Coefficient of variation (%) 
E^remo variations 
plasma volume (cc per Kg ) 

Mean ± P E 

Standard deviation ± P E 
Coefficient of variation (%) 
Evtremo variations 
Eed cell volume (cc per Kg ) 
Mean ± P E 

Standard* deviation ± P E 
Coefficient of variation (%) 
Extreme variations 
Total Hemoglobin (Gm per Kg ) 
Mean ± P E 

Standard deviation ± P E 
Coefficient of variation (%) 
Evtremo variations 
Bilirubin (mg per 300 cc ) 

Mean ± P E 

Standard deviation ± P E 
Coefficient of variation (%) 
Extreme variations 
Blood viscosity 
Mean ± P E 

Standard deviation ± P E 
Coefficient of variation (%) 
Ertreme variations 


Arterial Os Saturation 



84% or More 

19 

72 0 S3 9 % 

17 

60 0 71 9 % 

4* 

Less Than 60 0 % 
3t 

114 C ± 2 72 

17 0 + 1 92 

15 3 

78 3 153 6 

133 5 + 4 27 

20 1 ± 3 01 

19 5 

92 9 197 9 

191 3 + 21 0 

55 G + 34 8 
291 

131 0 280 4 

156 6 + 5 Oo 

10 6 + 3 57 

67 

343 1 169 0 

39 3 ± 1 05 

0 8-+ 0 74 

17 3 

27 3 52 3 

37 3 + 0 70 

4 3 + 0 49 

11 5 

39 1 - 491 

45 0 + 4 29 

13 0 + 3 03 

24 4 

27 9 573 

52 3 ±650 

13 6 + 4 o9 

20 0 

35 9 05 3 

7o 0 + 2 02 

16 3 + 1 78 

21 7 

43 3 109 8 

Oil ±3 SO 

23 8 + 2 75 

25 3 

04 3 1561 

145 3 + 19 9 

51 1 + 14 0 
351 

86 8 227 5 

103 2 + 1 72 

3 0 + 1 21 

S5 

981 1001 

25 1 ± 0 74 

4 8 + 053 

191 

14 7 SOT 

30 9 ± 1 03 

G 4 ± 0 73 

20 7 

22 1 51 2 

4G 7 ± 5 75 

16 0 + 4 13 
321 

28 0 701 

31 0 ± 0 42 

0 9 + 0 30 

29 

29 8 33 3 

2 30 + 016 

1 00 + 0 11 

43 5 

100 4 13 

3 00 ± 0 28 

1 71 + 0 19 

57 0 

0 91 - 7 24 

2 30 ± 0 19 

0 49 + 013 
213 

170 2 88 

164±030 

0 64 ± 0 21 

39 0 

0 74 2 21 

158 + 083 

5 4 + 0 59 

34 2 

0 0 30 0 

20 7 + 0 95 

58 + 067 

28 0 

11 4 32 0 

19 0 ± 2 66 

7 6 ± 1 81 

38 8 

7 2 28 8 

16 6 ± 2 88 

74 + 203 

44 6 

10 2 28 C 


» Includes 1 patient rvith circulatory insufficiency 
i Includes 2 patients vith circulatory insufficiency 
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paiallel changes in the eiythiopoiesis We have 
investigated the gastiic acidity of 9 patients with 
silicosis, all with pionotinced polycythemia, em- 
ploying a 7 per cent solution of alcohol and 
1 cc of histamine phosphate (Parke, Davis & 
Company) as stimulants foi the gastric mucosa 
(table 25) Free hydrochloric acid and pepsin 
IV ere absent in all lesidual samples, in 5 cases 
free hydiochloric acid failed to appeal after the 
ingestion of alcohol, and this condition persisted 
in 4 cases aftei injection of histamine Pievious 
observations, not published, made by one of us 
(A H) are i elated to these findings, of 37 
native Indian residents of Morococha (at 4,540 
meters, 14,900 feet) who were examined on 
account of vaiious gastnc symptoms (discom- 
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ation of the polycythemia which in some dcgiec 
is found in most dwelleis at high altitudes The 
diffeient aspects of this hematologic disordei, to 
which the names chronic mountain sickness, high 
altitude eiythremia and Monge’s disease have 
been given, have been lecently leviewed bv 
Monge Table 26 shows the hematologic chai - 
acteristics and the degree of arteiial oxygen 
satui ation of 8 patients with this condition, vv hose 
cases hav’-e been described in greatei detail in a 
recent paper When compaied with the healthv 
residents of the altitudes at which the}'’ lived, all 
these patients showed a considerable incieasc in 
the hemoglobin and led cell volume, associated in 
most cases with a deciease in the plasma volume 
The bilii ubm w^as elev^ated in all the ca^es in w hicb 



arterial Oj saturation % 

Chart 19 — Relationship between the mean corpuscular hemoglobin concentration and tiie degiee ot arterial 
o\}gen saturation in men with silicosis studied at high altitudes 


foit, indigestion, etc ) an absence of fiee hydio- 
chloiic acid was v^eiified in 21, equivalent to 
56 7 pel cent of the total These results sug- 
gest that achloihydria, and possibly achylia 
gastiica, IS not an infrequent finding in residents 
of high altitudes, and that the polycythemia in- 
duced by the anoxic stimulus may coexist with 
this chemical change m the gastnc contents A 
similar obseivation has been made at sea levi^el 
in a case of polycythemia vera 

Observations in Cases of Chionic Mountain 
Sickness — Monge,'^^ in 1928, repoited that loss 
of tolerance to a low baiometiic piessure environ- 
ment after a constant oi prolonged lesidence is 
fiequently associated with an abnoimal accentu- 

72 Llichaehdis, F Wien klin Wchnschr 45 1250, 
1932 

73 A'longe, C , and others Cron med , Lima 45 
238, 282 and 345, 1928, 46 13, SS, SO and 129, 1929 


It was detei mined, in 2 cases the leticulocjte 
count reached high values The leukocyte count 
was found to be within normal limits These ob- 
servations confirmed previous studies In all but 
1 of the cases the arterial oxygen saturation w as 
below the limits of v^ariation found in healthv 
lesidents Thiee of the 4 patients who were 
followed after descent to sea level had a dcci ease 
of the cell volume associated with a less piopoi- 
tional increase m the plasma volume 

In 3 cases of chronic mountain sickness in 
w'liicli the patients were studied after descent to 
sea level, Uiteaga and Boisset observed an 

74 :^Ionge, C Phjsiol Rev 23- 165, 1943 

75 Hurtado, A Chronic Moiintiin Siclcncis, J A 
M A 120 1278 (Dec 19) 1942 

76 Hurtado, A Aspcctos fisiologicos v pato'ogico'- 
de la Vida en la altura, Lima, Editorial Rinnc, 1937 

77 Urteaga, O, and Eoisset, G An roc ot n ca , 
Lima 25 67, 1942 




314 


ARCHIVES OF INTERNAL MEDICHjIE 


increase in the hemoglobin and hematocrit values 
and in the total cell volume and a decrease in 
the plasma volume The bilirubin content was 
elevated, and the test for excretion of this pig- 
ment revealed an abnormal retention Howevei, 
roentgen examination disclosed the presence of 


conditions, which may show analogous hemato- 
logic alterations on account of the increased anoxic 
stimulus present m both but which are two entire- 
ly separate entities, ah eady has been emphasised,'’ 
and this is especially important in studies earned 
out in mining zones located at high altitudes 


Table 24 — Leukocytes and Leukocytic Dtffcieuhal Counts of Patients xvith Silicosis zvith a High Degice oj 
Anoxemia oi Polycythemia (Obscivations Made at an Altitude of 3/30 Mctcis, 12,240 Feet) 



Arterial 

Hemo 


Leuko 

ISeutro 

Acutro 

Aeutio 





Case 

02 

Llobin, 

Hematocrit 

tj tes, 

phlls. 

phlls. 

phllc, 

Eosino 

Base 

Mono 

Lj mpho 

Satmation, 

Gm per 

Reading, 

per 

Stab, 

Setmented, 

Total, 

phfh. 

Phils, 

cytes. 

cj tes. 

Ao 

% 

100 Cc 

R B G , % 

Cu Mm 


% 

% 

% 

tO 

% 

c 

JO 

I 

43 3 

22 72 

721 

8,720 

0,280 

2S 

CO 

88 

0 

0 

4 

8 

2 

48 9 

20 82 

74 1 

7 

70 

8. 

0 

1 

5 

11 

3 

43 9 

17 CC 

oS 5 

5 300 

20 

GO 

SO 

1 

0 

4 

9 

i 

712 

28 CS 

82 3 

u,CS0 

8 

05 

71 

1 

3 

10 

13 

5 

OSS 

21 77 

09C 

5,200 

20 ' 

OS 

88 

0 

0 

4 

8 

6 

71 4 

25 00 

81 2 

0,400 

1 

05 

to 

0 

0 

9 

35 

7 

75 3 

23 07 

720 

5,280 

9 

71 

SO 

3 

0 

2 

15 

S 

S3 2 

24 04 

05 4 

59C0 

14 

39 

53 

3 

1 

9 

34 

9 

SGI 

2310 

08 2 

0 000 

10 

52 

08 

4 

0 

O 

O 

2o 

10 

79 5 

25 30 

70 5 

0,700 

4 

71 

75 

1 

0 

r» 

t 

17 

11 

7S1 

24 78 

73 0 

5,jS0 

14 

04 

78 

0 

0 

4 

IS 

12 

82 1 

20 43 

SI 1 

7,000 

8 

05 

73 

1 

1 

9 

10 

13 

82 4 

24 93 

70 9 

0,400 

10 

03 

73 

1 

0 

2 

24 

14 

908 

23 92 

CSC 

7,880 

4 

71 

75 

1 

1 

1 

22 

15 

78 3 

24 22 

75 0 

7,800 

2 

Oo 

07 


J 

5 

23 

10 

83 2 

25 85 

78 8 

4,720 

11 

47 

jS 

2 

0 

0 

34 

17 

78 8 

25 38 

772 

11 200 

7 

49 

50 

7 

2 

3 

32 

18 

78 3 

20 89 

81 2 

5,800 

4 

40 

50 

2 

0 

o 

* 45 

19 

80 0 

24 45 

71 0 

7,000 

8 

48 

50 

5 

0 

8 

31 

20 

87 8 

20 04 

801 

5,Gl>0 

5 

40 

51 

2 

0 

3 

44 


1 ABLE 25 — Castiic Acidity of Patients xvith Silicosis Studied at an Altitude of 3/30 Meteis (12/40 Feet) 


Case 

Xo 

Arterial Oc 
Saturation, 

c* 


Sample 1 

Sample 2 

A 

Sample 3 

_A 

Sample 4 

Hcmoelobin, 

Gm per 

Tree 

HCl 

Total 

Acid 

Irce 'Total ^ Tree 

HCI Acid HCl 

Cc ofR/lOIvaOHpcrlOOCc 

JL 

'Total 

Acid 

Tree 

HCl 

Total 

Acid 

iC 

jw CC r 









1 

854 

23 79 

0 

10 

13 

20 

15 

32 

22 

30 

O 

•b 

83 1 

24 05 

0 

5 

0 

10 

4 

4 

3 

16 

J 

79 2 

22 87 

0 

9 

0 

5 

0 

7 

0 

S 

4 

82 9 

27 47 

0 

12 

20 

52 

32 

40 

34 

42 

5 

70 8 

24 01 

0 

3 

0 

4 

0 

4 

0 

4 

6 

77 7 

20 28 

0 

8 

0 

10 

0 

10 

0 

S 

7 

87 4 

20 15 

0 

0 

0 

S 

10 

18 

16 

24 

8 

78 2 

23 98 

0 

4 

0 

G - 

0 

S 

0 

10 

9 

80 0 

22 BO 

IS 

30 

10 

24 ^ 

24 

34 

o8 

40 


Sample i residugl 

Sample 2, 20 minutes aftei 50 cc of 7 per cent alcohol 
Sample 3, 40 minutes after 50 cc of 7 per cent alcohol 
Sample 3, 15 minutes after iniection of histamine 


Tabie 26 — Obscivations on Blood of Pcisous xvith Chonic Mountain SilIiicss 


C ise 
^o 


Biace of 

Artemi 

Red Blood 

Hemato 

Hemo 

Stud\ , 

Oe Satu 

Cells, 

crit. 

globin. 

Altitude, 

ration. 

ilillions per 

BBC, 

Gm per 

Meters 

% 

Cu Mm 

% 

100 Cc 

3 730 

77 4 

9 35 

830 

2717 

3,730 

82 9 

7 37 

74 0 

25 57 

3,730 

75 9 

8Go 

73 0 

24 01 

3,730 

79 4 

850 

817 

24 00 

4,540 

701 

7 70 

73 7 

22 89 

4 540 

773 

7 01 

73 7 

25 73 

Sea level 

95 9 

8 00 

79 2 

2013 

Sea ler el 

91 2 

8 97 

79 2 

23 50 


Rcticalo 

cytes 

Bilirubin, 

Xcuko 
tj tes, 

Blood 

Volume, 

Plasma 

Volume, 

per 

Mg per 

per 

Cc per 

Cc per 

Cent 

100 Cc 

Cu Mm 

Rg 

Lb 

4 4 

883 

ssoo 

202 9 

33 4 

1 2 

2 24 

0,400 

1571 

b7 1 

06 

5 55 

6 210 

140 6 

39 6 

50 

2 67 

7,200 

0,800 

2119 

27 7 

OS 

3 52 

167 2 

43 1 

OS 

03 

4 59 

5,800 

0,100 

196 0 
180 2 

40 8 

37 8 

0 


6,400 

197 8 

40 2 


Red Cell 'lot'll 
Volume, Hemo 
Cc pel globin, Gm 


Kg 

per Kg 

168 3 

551 

111 1 

o8l 

109 2 

35 9 

173 1 

521 

123 3 

36 4 

148 8 

50 6 

347 3 

48 0 

156 7 

40 5 


silicosis in 2 of the 3 subjects , so the reported find- 
ings m these cases may be related to this illness 
rathei than to chionic mountain sickness The 
impoitance of diffei entiatmg between these two 


ROLE or ANOXEMIA IN POLlt C\THEMIA 
OBSERVED AT SEA LEVEL 

Polycythemia frequent!}' accompanies chionic 
pulmonary diseases in which there is some degiee 
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ot aitenal oxygen unsatuiation Such hematic 
alteiation has been observed in subjects with 
fibrous changes m the lungs due to inhalation of 
dust/® with chronic bronchitis, asthma oi em- 
physema,”® with gas poisoning and with pri- 
mary pulmonary arteriosclerosis of unknown 
origin The polycythemia which is found in 
association with Ayeiza’s disease, charactei ized 
by widespread fibrosclerotic pulmonary changes 
and right-sided heait failuie,®® is well known 
Our observations at high altitudes give fuithei 
suppoit to the geneially accepted view that the 
polycythemia associated with such conditions 
lepresents a lesponse to the anoxic stimulus It 
IS difficult, hoivevei, to establish a precise com- 
parison between the polyc)’’theniia that develops 
at high altitudes and that obseived with the dis- 
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we have constiucted the diagiam of chart 21 
which shows the lelationship between the degiee 
of arterial oxygen unsaturation and the amount 
of circulating hemoglobin m cases of pulmonan 
fibrosis, emphysema and A}ei7a’s disease It 
appears evident that most of the subjects w ith an 
arteiial oxygen saturation of less than 90 pei cent 
have some increase in hemoglobin, but this hema- 
tic response tends to be less than in lesidents ol 
high altitudes with a corresponding degree of 
unsaturation and is frequentl}'' absent, csjiecialh 
in persons with pulmonary eniph 3 'sema 1 he 
patients with Ayerza’s disease have the highest 
increases in hemoglobin, of 18 studied bv the 
investigatoi s mentioned, 8, oi 44 4 per cent, had 
values over 20 Gm per hunched cubic centi- 
meteis The fiequent lack of ci i thiopoielic 



6 T 8 

RED BLOOD CELLS (mill PER CMU) 


Chait 20 — Leukocyte count in relation to the erythrocyte count in healthy and pathologic subjects studied at 
high altitudes The zone between tlic honzontal lines represents the limits of sanation obserxed in healthy men 
at sea level 


s eases just mentioned, on account of the lack of 
'*■ mfoimation regaidmg the occuiience and the 
degiee of anoxemia m most of the leported cases 
Fi om the data repoi ted by Berconsky,®-® Capde- 
houi at and Hui tado, Kaltreidei and McCann ® 

78 Barker, N W Pobcythemia ^'era and Chronic 
Pulmonary Disease, Arch Int k£ed 47 94 (Jan ) 1931 
Kaltreider, Hurtado and Brooks 

79 Waring, J J , and Yegge, W B Ann Int 
Med 7 190, 1933 

80 Bancroft, J , Hunt, G PI, and Dufton, D 
Quart J Med 13 179, 1920 

81 Darlej', W , and Doan, C A kin T kl Sc 
191 633, 1936 

82 (a) Berconsky, I Semana med 1 1569, 1933 

(b) Capdehourat, E L La cianosis de los caidiacos 
' iiegros de Ajeiza, Buenos Aires, Aniceto Lopez 1934 

(c) Timenez Diaz, C , Centenera, D, and Alemany, M 
Arch cardiol y hemat 16 306, 1935 


icsponse to the anoxemia whicii is usual!} associ- 
ated with pulmonary emphysema has Ijcen pic- 
y lously pointed out ®'‘ 

1 he moderate degree of aiiovania, yy hu h has 
been found to be of common occurrence aftei the 
age of 60 }eais®® not onl} fails to elicit a poly- 
cythemic 1 espouse, but, accoidmg to lecent 
obseryations,®® is accompanied by lo\y red cdl 
counts and hemoglobin y allies 

S3 Hurtado, k , Kaltrcidcr, X L , ind MtC mn, 
M S J Clin In\ cstmation 14 94 1935 

84 Lemon, Y Ann Int Med 3 430 392" 

Kaltreider, Hurtado and Brooke 

85 Dill, D B Graebiel, \ , Hurtado \ oal 

Taquini, A C Ztschr f .Mteretoreph 2 20, 39-^0 

86 Xcwniin B and Gitlow, e ,ni J M r-'- 

205 677 1943 
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Theie IS lathei scanty mfojmation m the 
Iiteratuie legaiding the blood volume and the 
morphologic chai actenstics of the ei}thiocytes m 
polycythemia secondary to pulmonary disease 
It has been pointed out that the increase m 
blood volume is modeiate, however, values as 
high as 136 and 168 cc of blood per kilogiam 
of body weight have been lepoited^'^^ The 
investigation of the blood volume in cases of 
Ayerza’s disease, in which the hemoglobin i caches 
the highest values obseived ivitli secondary 
potycythemia at sea level, \\ill be of coiisideiable 
interest Kaltreidei, Huitado and Biooks^^f- 
found an unchanged coipusculai volume in cases 
of pulmonary fibiosis associated with some de- 


poh'-cythemia which has been fiequently obseived 
in cases of heart failuie with a normal aiteiial 
oxj^gen saturation , an anoxia of the circulatoii 
type IS piobably the mam factor lesponsible fo'i 
the bone mariow stimulation m these cases 
Gibson and Evans have found that the degiec 
of increase in the blood volume m cases of cii- 
ciilatoiy insufficiency paiallels the elevation of 
the venous blood pressuie and the slowing of the 
ciiculation time It is significant that increase in 
plasma volume such as was noted in then sub- 
jects at sea level has been obseived by us at 
high altitudes m persons with silicosis associated 
with heart failme A certain degree of polj- 
cythemia has been fiequenth observed in new- 



ARTERIAL Og SATURATION P/.) 

Chart 21 — Relation between the hemoglobin content (grams per hundred cubic centimeters) and the degree 
of arterial oxygen saturation (per cent) in persons with fibrosis (solid dots), emphysema (open circles) and 
Ayerza’s disease (dotted circles) studied at sea level Data obtained from the literature'*- and from previous 
investigations Xhe shaded area shows \ariations in the blood hemoglobin of healthy men living at sea level, 
the interrupted curve represents the approximate mean hemoglobin values which are found at various degrees o 
arterial oxygen saturation in healthy residents at high altitudes 


gree of polycythemia, but the size of the led 
blood cells had an mveise correlation with their 
number per cuhic millimetei , with counts over 
6000,000 and 6,500,000 the mean coipusculai 
V olume was found to be 81 4 and 74 3 cubic 
microns, respectively, figiues which are dis- 
tmctty lower than those found by us for residents 
of high altitudes with similar levels of poly- 
cjthemia An increase m the total mass of red 
cells with a reduction in the plasma volume, a 
finding similar to ours in the silicotic patients 
studied at high altitudes, has been recently re- 
ported by Hallock in cases of congenital heart 
disease of the cyanotic type Less clear appears 
to be the mechanism undeiljmg the moderate 


boin infants,®® and it is probably related, as has 
been suggested,®® to the low oxygen saturation 
which has been demonstrated to exist dm mg 
fetal life and at biith®^ The led blood cells of 

37 Harrison, T R Failure of the Circulation, 
Baltimore, Williams & Wilkins Company, 1936 Alt- 
schule, M D Medicine 17 75, 1938 

88 Gibson, J G, and Evans, W A J Chn Inves- 
tigation 16 851, 1937 

89 Harrop, G, and Wmtrobe, M M Polycythemia 
in Downey, H Handbook of Hematology, New York, 
Paul B Hoeber, Inc, 1938, vol 4 

90 Goldbloom, A , and Gottlieb, R J Chn Inves- 
tigation 8 375, 1930 

91 Bancroft, J , Kramer, K, and Millikan, T A 
J Physiol 90 28P, 1937 Bancroft, J , and Mason, 
AI F ibid 93 32P, 1938 
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newborn infants aie laigei and ha\e a gieatei 
surface area than those of adults but the coi- 
pusculai hemoglobin concentration is identical 
^\ ith that of adults — morphologic charactei - 
istics which aie similar to those observed b}* us 
111 subjects constantly exposed to a low baiometiic 
piessure The average corpusculai volume of 
95 cubic micions found by Cliuinard, Osgood 
and Ellis in a stud) of 195 newborn infants 
has a close similaiity to the mean values of 
95 2 ±; 0 58 and 97 5 ± 0 75 cubic micions ob- 
tained for the Indian residents of Oioya (at 
3,740 meteis [12,240 feet] of altitude) and 
Moiococha (at 4,540 meters [14,900 feet]) le- 
spectively Wintiobe and Shumacker have 
observed a high degiee of macrocytosis asso- 
ciated with a low red cell count m the blood of 
fetuses The high bilirubin content of the plasma 
111 the newborn has been explained on the basis 


associated with the chionic anoxemia of higli 
altitudes 

Seieral imestigations lecenth levieved b\ 
Killick have demonstiated the occuiience ot 
polycvthemia in human beings and animals with 
caibon monoxide anoxemia The obsei vation-> 
of Sayers, Yant, Le\y and Fulton,'’® who found 
inci eases m the led blood cells and hemoglobin 
of men who had lepeated dail) exposuies to 
caibon monoxide (contained m automobile ex- 
haust gas), have a significance i elated to tlie 
polycythemia we ha\e obsened m men subject 
to the influence of inteimittent peiiods of anox- 
emia at high altitudes Some pol) cythemui' 
pioduced experimentall}' in animals have been 
attiibuted to anoxic factois with a lesultini; 
stimulation of the erythi opoietic activit) The 
pol)cythemia that follow’^s the admmistiation oi 
cobalt, which is absolute in tjpe,”' seems to be 


T \BLE 27 — Level of Polytythemm, Rehculocytosis and Bihnibincmia m Relation to the DcgicH and Constancy of 
the Anoxemia (Summaiy of the Obseivattons Made on Diffeieni Gioiips of Male Subjects) 


Serum niluubin 



Groups 

No of 
Sub , 
jects : 

Altitude 

A 

Arteiiul 0: 
Saturation, 
% 

Hemo 

global, 

Gm poi 
lOO Cc 

R< titulo 

C\ tl 

pu 

tint 

Alenn 

' 

Mg pet 100 t c 

Ratio 

D/'l 

lOO 

Meters 

Feet 

Total 

±F E 

I 

Direct 

Indirect 

I 

At sea level 

175 

0 

0 

' 961 ±012 

10 00 ± 0 04 

0 5 ± 0 02 

0 72 ± 0 02 

0 j7 ± 0 01 

0 35 ± 0 Op 

ol 4 

11 

Temporary anoxemia 











(a) 2 hours’ exposure 

15 

2,390 

7,920 

OlO-t-0 57 

10 22 -(- 0 10 

0 5 -t- 0 05 

0 70 ± 0 01 

0 45 ■+■ 0 03 

0 31 ± 0 02 

oO 2 


(b) 2 hours’ exposure 

10 

3,140 

10,300 

89 0 ± 0 74 

16 31 -1- 0 15 

05-1-008 

0 67 -1- 0 04 

0 30 -1- 0 02 

0 31 -4-0 0, 

5i 7 


(c) 2 hours’ exposure 

IS 

4,105 

13,000 

80 2 -4- 0 77 

16 20 -t- 0 lo 

0 4 -1- 0 05 

0 71 ± 0 04 

0 30 ± 0 02 

0 38 -4- 0 03 

48 (, 


(d) 2 hours’ exposure 

18 

4,835 

15,870 

75 3 ± 0 93 

10 53 ± 0 18 

0 4 ± 0 04 

0 79 ± 0 07 

0 39 ±0 03 

0 40 ± 0 01 

19 4 

III 

Intermittent anoxemia 











(o) Infrequent expo 












sure * 

60 




10 o3 -1- 0 C9 

07 ±0 05 

1 00-+-OOC 

0 4o ± 0 02 

0 50 0 Oj 

4 i 0 


(b) Daily exposure t 

13 




IS 07 ± 0 28 

0 8 ± 0 11 

110 ±015 

0 40 ± 0 03 

0 70 ± 0 1 , 

'4 . 

IV 

Chronic anoxemia 












(a) Native residents 

40 

3,730 

13,240 

S7G±0 27 

18 82 -I- 0 15 

0 8-+-0 00 

1 47 -t- 0 oa 





(b) Native residents 

3~> 

4,540 

14,900 

81 4 ± 0 45 

20 70 ± 0 20 

15±007 

1 50 ± 0 19 

0 40 ± 0 03 

1 10 ±017 

29 J 


riight personnel (see text) 
t Railroad personnel (sec text) 


of a high degree of destiuction of blood and of 
a decreased ability of the liver cells to excrete the 
pigment,^® factors which must be also taken into 
consideiation to explain the hyperbiliiubinemia 

92 fa) Mugrage, E R , and Andresen, M I Values 
for Red Blood Cells of Average Infants and Children, 
Am J Dis Child 51 775 (April) 1936 fb) Chumaid, 
E G , Osgood, E E , and Ellis, D M Hematologic 
Standards for Healthy Newborn Infants Erythrocyte 
Count, Hemoglobin Content, Cell Volume, Color Index, 
Volume Index and Saturation Index, Am J Dis Child 
62 1188 (Dec) 1941 

93 Wintrobe, M M , and Shumackcr, H B J 
Clin Investigation 14 837, 1935 

94 Gordon, M B , and Kemelhor, ]\I C J Pediat 
2 685, 1933 Rolleston, H , and McKee, J W Dis- 
eases of the Liver, London, The Macmillan Companx, 
1929 Ehrenfest, H Causation of Intracranial Hem- 
oirhages in New-Boin, Am J Dis Child 26 503 
(Dec) 1923 

95 Snelling, C J J Pediat 2 399, 1933 Waugh, 
T R , Merchant, F T , and Maughan, G B Am T 
Isl Sc 199 9, 1940 


1 elated to an mteifeience with cellular lespiia- 
tion The mcieases m the led cell count and 
hemoglobin pioduced b) piessor drugs (epi- 
nephime, ephediine and ampiietamine) have been 
explained on the basis of an abnoimally low 
supply of oxygen to the bone mairow' caused b\ 
a decrease in blood flow 

The most impoi tant pol) c) themic process at sc.i 
level IS undoubted!) pol)C)themia veia, oi \*as- 
quez’ disease, characterized by a considerable in- 

96 Sajers, R R , Yant, W P , Levv, F , and 
Fulton, W B Eflcct of Repeated Dailj lYposurc oi 
Sexeral Hours to Small *\mounts of Automobile I> - 
haust Gas, Public Health Bulletin 186, United Stite- 
Treasury Department, Public Hcaltn Serxicc, 1929 

97 Daxis, J E Proc Soc Exper Biol &. Men 
45 671, 1940 

98 Daxis, J E J Pharmacol K E per Ilaru) 
70 408, 1940 Orten, T 2^1 Detroit M Xcv s fEo' ^ 
Issue) 32 42, 1941 

99 Daxi'i T E \n, T Phx loi 133 2 U-Jl , 
134 219, 1941 
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crease m the cuculatmg blood volume The cause 
of this disease is unkno\\ n, but among the various 
theories which have been advanced those i elated 
to the possible existence of an anoxic stimulating 
factoi have a prominent place All investi- 
gators have 1 epoi ted noi mal values for the 
oxygen satin ation of the aiteiial blood, but 
Harrop and Heath found a reduction follow- 
ing exeicise, uhich they attributed to a decreased 
peimeabiht)'- of the alveolai membiane for the 
passage of oxygen, to the anoxemia thus pio- 
duced a causatne significance was attiibuted 
Re?nikofl:, Foot and Bethea have found m 
cases of this disease a marked thickening of the 
capillaries and fibiosis of the aiterioles m the 
bone marrow, changes which have led them to 
propose the theory that the eiythiemia may be 
due to a local oxygen deficienc}'^ m the er)thio- 
poietic organs, with ovei compensation of enth- 
rogenesis Hallock,^®^ fiom obseivations related 
to the pioduction of lactic acid during exeicise, 
suggested that tissvie anoxia may be an impoi tant 
causative factoi of polyc 3 ahemia reia 

The increase in the cnculating blood \olume 
due to a gi eater mass ot led cells with a pi ac- 
tually unchanged or decreased plasma volume, 
lb a chaiacteiistic common to the poI}cythemia 
obsened at high altitudes and pol^'C} themia 
\eia However, a comparative study of the le- 
sults obtained by seveial imestigatois in the 
study of a total of 91 subjects (males) with 
the latter disease and oui findings in 97 health) 
residents and peisons with silicosis at high alti- 
tudes reveals that the inciease m blood volume 
IS moie pionounced and has a gi eater lange ot 
variation in the patients ivith polycythemia veia 
(chart 22) The mean value foi all leviewed 
cases of this disease was 154 1 ± 2 73 cc of blood 
per kilogram of body weight, ^Mth a standaid 
deviation of 38 5 cc , while m the 97 of poly- 
cythemia at high altitudes the mean volume uas 
120 6 rfc 1 72 with a standaid deviation of 25 1 cc 

100 Altschule, M D , Volk, M C, and Henstell, 
H Am J M Sc 200 478, 1940 

101 Harrop, G A , and Heath, EH J Chn 
In\ estigation 4 S3, 1927 

102 Reznikoff, P , Foot, N C . and Bethea, J Til 
Am J kl Sc 189 753, 1935 

103 Hallock, P Proc Soc Exper Biol & Med 
38 587, 1938 

104 Haden, R L Am J M Sc 196 493, 1938 
Sohval, A R Hepatic Complications in Pob'cythae- 
mia Vera, with Particular Reference to Thrombosis of 
Hepatic and Portal Veins and Hepatic Cirrhosis, Arch 
Int Med 62 925 (Dec ) 1938 Gibson, J G , Harris, 
A W, and Swigert, V W J Chn Inr estigation 
18 621, 1939 Me}'er, O O , and Thewlis, E W 

T Lab & Chn kled 26 1137, 1941 Rountree and 
Brow n Goldbloom and Libin Haiiock A.lt- 
schule and others 


There ate ceitain othei comparative aspects 
which have interest fiom the point of view ot 
the etiologic mechanisms i esponsible for the poly- 
cythemic processes in these two gioups of cases 
A statistical analysis of the data published b\ 
Rowntree and Brown, Bi own and Giffin and 
Brown and Roth,^°® which refei to observations 
made on a total of 62 male patients with poly- 
cythemia veia, gives mean \alues of 22 56 rr 0 30 
Gm of hemoglobin pei hundred cubic centi- 
meteis and 63 7 rt 0 61 red cells per cent foi the 
hematociit value Accoiding to our obsena- 
tions, these mean values would coriespond, ap- 
pioximately, to those found in men living at an 
altitude of 5,300 meteis (17,4(X) feet) with an 
aiteiial oxygen satin ation of about 76 0 pei cent 



total blood volume tee «« itc) 


Chart 22— Variations in blood volume (expressed m 
cubic centimeters per kilogram of body weight) in 97 
healthy and pathologic subjects studied ^at high altitudes 
(with arterial o\ygen saturations ranging from 43 3 to 
90 2 per cent) and in 91 persons ivith polycythemia vera 
observed at sea level The data corresponding to the 
latter disease have been collected from the literature 

The size of tlie red blood cells has been found 
to be noiinal oi modeiatelv decreased m most 
cases of polycythemia veia,®® and miciocytes aie 
often observed in the series of 62 cases to 
Avhich ue have just referred, the mean coipuscu- 
lar A^olume and hemoglobin concenti ation ueie 
found to be 92 2 zt 0 94 cubic micions and 
36 4 ± 0 24 pei cent, respectively These fig- 
tues are not unlike those found by us in poly- 
cythemia of high altitudes, but it appeals that 
in the latter piocess theie is a deviation touard 

105 Brown, G E, and Giffin, H Z Treatment of 
Polycythemia Vera (Erythremia) wuth Phenjlhydra- 
zine, Arch Int Med 38 321 (Sept ) 1926 

106 Brown, G E , and Roth, G M J Chn In- 
vestigation 6 159, 1928 

107 Schalm, L Foha haemal 63 34, 1939 V m- 
trobe 
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a slight macrocytosis which is not observed in 
polycythemia vera Nucleated red cells in the 
peripheral blood are not infrequently noted in 
this disease/®® a finding not verified by us in the 
case of any subject studied at high altitudes, 
regardless of the degree of anoxemia and the 
level of polyc)'’themia The increase in the serum 
bilirubin seems to be more intense and frequent 
in polycythemia of high altitudes, as may be 
judged from the compaiison of our data with 
those contained in lecent monographs on poly- 
cythemia vera 

Another distmctjon, which is piobably the most 
important and of fundamental significance, re- 
lates to the great frequency of leukocytosis and 
leukemia, wnth appearance of immature wdiite 
cells m the peiipheral blood, in cases of pol}- 
cythemia \era, this characteristic has been em- 
phasized hy all writers With the exception of 
a model ate and temporary leukocytosis which is 
observed at times duiing the earl)^ period of 
exposure to a low* barometric piessuie and 
probabl}^ is due to factois of mobilization and le- 
lease, there is no disturbance of the leukoblastic 
activity 111 the polyc 3 dhemia of high altitudes, no 
matter how^ intense and constant are the anoxic 
stimulus and the degree of eiythropoietic le- 
sponse Finall}^ ammportant clinical distinction 
IS the absence of splenomegaly in healthy and 
m diseased polycythemic subjects living at high 
altitudes, in contrast with its frequency in persons 
with polyc}themia \era, according to a recent 
study the increased size of the spleen was 
climcall) lerified in about 66 per cent of 163 
cases of the lattei disease A somew'hat closer 
similarity with the polycythemia of health}'- pei- 
sons living at high altitudes is found in the so- 
called familial pol} c} themia, m w'hich the inciease 
in the total cell volume is associated w'lth an 
unchanged or modeiately decreased jilasma 
\olume, noimal morphologic characteristics of 
the red cells and absence of leukocytosis and 
changes in the leukocytic differential count 
The small number of peisons with this disease 
studied and the lack of observations concerning 
the degree of aiterial oxjgen satuiation prerent 
how'CA er, an adequate compai ati\ e ‘^tud} 

COMMEXT 

Attention has been called by mam investigators 
to the wide individual \anations oii^erAcd in the 
hematologic i espouse to the anoxemia associated 
with exposuie to a low piessure emiionment 

108 Minot, G R, and Buckman, T E Am J 

M Sc 166:469, 1923 Harrop and M mtrobc s'* . 

109 Tinned, W S Hall B E and Giflm, H 7 
Proc Staff Meet, iIa\o Cim 18 46 1943 

110 Nadier, S B, and Colin, I J M "sl 

198 41, 1939 


This characteristic has also been noted in the 
present study, however, an ana!} sis of the col- 
lected data indicates that in general the le\el of 
polycythemia, togethei witli the signs of eijthro- 
poietic hyperactn It} and increased amounts ot 
serum bilirubin, are related to the degree dui- 
ation and continuity of the aiioxic stimulus and 
that the variability affects chiefly the carh pha^e 
of the response (table 27) When tiie jiciiod 
of anoxemia is short of a few hours’ duiation, the 
inciease m red blood cells and hemoglobin is not 
a constant phenomenon and, when it occui = 
show's the indnidual variations which ha\e been 
repeatedly emphasized On tiie othei hand, w hen 
the anoxemia is peiinanent, theie is found in a 
large majoiity of cases of pol}C}thcmia tlie l(\c! 
of which IS closely related to the degree of anoxic 
stimulus Intermittent exposure to anoxemia 
occupies an intei mediate position from the point 
of Mew of the hematologic response, the oeeui- 
rence of polycythemia and its leiel, though tlieie 
are large variations in the laltei, are also bioad!} 

1 elated to the frequency and intensit} of the 
anoxic stimulus 

It appears that in the presence of an anoxic 
condition the release of stored led blood cells is 
a labile and \ariable emergenc} mechanism of 
adaptation , the late response based on an in- 
creased pioduction of cells b} a Iwperactue bone 
marrow', is a more constant adaptatnc process 
Many of the apparently contiadictoi} iesult'5 
obtained in hematologic studies made at high 
altitudes and m low' piessure chambeis seem to 
be 1 elated to different experimental conditions ni 
legard to the duration of the exposure and the 
level of altitude, or simulated altitude, i cached 

The more or less definite in\cisc relationshij) 
w’hich exists between the lew el of pol}C}tlKmia 
and the degree of arterial ox}gcn satuiation in 
dwellers at high altitudes, conoborates the 
opinion adxanced by Beit* Viault - and 
^Miescher m the lattei jiart of the last ccntm\, 
and accepted b} most nn obligators, that tht 
deficient oxjgen supph to the bone mannw j- 
the main stimulus for the increased production of 
led blood cells and hemoglobin 1 he fact th.it at 
the same altitude the pohc} themia is moi«. pjo- 
nounced in men with a highci degree of am rial 
ox}gen unsaturation (as in the subjict- i.iih 
silicosis studied b} us j indicates that cn imn- 
mcntal factors, such increabtd solar radiaoon 
do not plaj a fundamental role in the cau-ain< 
mechanism of the hematic rv,sj)onbe v a- 
"esicd Iw Kestner’*- While it has bee i ecu- 

O * 

eialh accepted that at high altnudc'. aim m o In 
bimilar conditioiib the lo^' le.i'ion of th' 

]]] Mit'chtr, r Co'-Bl : -r'l’-v v-.’' 23 

809 1893 

112 Ktstnc'- O Zt'c’ir f B >>’ 
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physically dissohed in the plasma constitutes the 
immediate stimulus foi the eiythropoietic hypei- 
activity, the relative importance of other factois, 
such as the percentage of hemoglobin satin ation 
and the absolute concentiations of reduced and 
oxygenated hemoglobin, remain yet to be 
adequately undei stood , in anemic anoxia, clinical 
01 expel imentally pioduced, in which the blood 
oxygen tension is noi mal, a i elationship has been 
noted to exist between the degi ee of eiythi opoietic 
hyperactivity and the level of anemia Theie 
seems to be a limit foi the anoxic factor in the 
stimulation of the er}'thropoietic activity, ivhen 
the arterial oxygen saturation reaches a value of 
about 60 to 70 pei cent, there is a decrease, rathei 
than a further increase, in the hemoglobin and led 
cell count This suggests that the hematologic 
compensatory adjustment ceases to be effectiv'-e at 
a degree of anoxemia wdiich coi i esponds, roughly 
to an altitude of 6,000 meteis, or 20,000 feet, 
above this level the proportion of reduced over 
oxygenated hemoglobin increases rapidly This 
limit in the polycj themic response does not appear 
to be related to an anatomic limitation of the 
erytlii opoietic organs, because no plateau, oi flat- 
tening, is observed in the curve representing the 
level of polycythemia with increasing degiees of 
anoxemia It may be associated with a higher rate 
of destruction of cells, as has been suggested by 
Talbott the accentuation of reticulocytosis, 
which has been observed to occur with a high de- 
gree of anoxemia w ould favor this interpretation, 
but on the othei hand this is not accompanied 
w ith an increased accumulation of bilirubin in the 
plasma According to our obsei vations, an in- 
11 easing degree of anoxemia has a tendency to 
low^er the hemoglobin concentration of the cii di- 
lating erythrocytes , this fact makes it seem 
possible that an interference with the production 
of hemoglobin rather than with the building of 
the erythrocytic stroma is responsible foi the lack 
of an appropriate polycythemic response to severe 
degrees of anoxemia 

From the observations made in men constantly 
exposed to a low barometric pressure it appears 
that the level of hemoglobin in the circulating 
blood can be regarded as one of the many factors 
which tend to preserve the internal stability 
or homeostasis, as it has been called by Can- 
non, against the disturbing influence of a loiv 
oxygen tension m the inspired air, it increases, 
up to a certain limit, in relation to the degree 
of disturbance m the external environment and 

113 Robscheit- Robbins, F S , and Whipple, G H Am 
J Phvsiol 134 263, 1941 Hurtado, Pons and Merino 

114 Cannon, W B Physiological Regulation of 
Normal States Some Tentative Postulates Concerning 
Biological Homeostatics, in Jubilee Volume for Charles 
Richet, Pans, 1926, p 91 


deci eases when normal conditions aie lestoied 
It is interesting to observe that chionic anoxemia, 
even when present since birth, does not moditr 
peimanently the activity of the erythropoietic 
organs When the native of high altitudes comes 
down to sea level his blood acquires, after a 
certain time, the same moiphologic chaiactei- 
rstics as those found in persons who w'eie born 
and have lived at sea level This fact eliminates 
the possibility that racial factois play a part in 
the development of polycythemia at high alti- 
tudes The frequent moderate reduction in red 
blood cells and hemoglobin, which has been 
observed m men born at high altitudes during 
their first few months of residency at sea lerel 
maj^ be related to an adaptative period on the 
part of the bone maiiow to the disappearance 
of the potent anoxic stimulus piesent at high 
altitudes These findings aie not unlike those 
of Gordon and Kleinbeig,^^® who obserred in 
animals a model ate process of anemia after cessa- 
tion of exposure to a low pressure in a chainbei 
The polycythemia of high altitudes, which has 
been classified as an erythrocytosis, is, accord- 
ing to this and previous studies, absolute in type 
An increase in the circulating blood volume, due 
to a larger cell mass with an unchanged oi 
decreased plasma volume, has been observed in 
persons who have just arrived at high altitudes 
and in health} and in diseased human beings and 
animals living permanently in such environment 
The increase tends to be proportional to the lei el 
of altitude and the degree of anoxemia, often 
reaching high values It appears that there must 
be a modification of the following concept, ad- 
vanced about fifteen years ago and still found 
in the literature “Increases nr blood volume 
to 115 or 120 cubic centimeters for each kilogram 
of body w^eight, rarely or never occur as re- 
sponses of the blood to lowered oxygen tension ” 
A slight macrocytosis is another characteristic of 
the polycythemia related to a constant exposure 
to a low barometric pressure The increased 
size of the red blood cells may be due, in pait, 
to tire erythropoietic hyperactivity^^® and to the 
presence of an excess of reticulocytes, cells 
which have been found to have a large volume 
Whether this morphologic variation, which in- 
cludes a greater corpuscular surface area, repre- 
sents a compensatory adjustment on the pait 
of the circulating respiratory unit for the acquisi- 
tion and transport of the oxygen is an interesting 
possibility The stimulating influence of the 
anoxemia caused by a low' oxygen tension in 

XlS Gordon, A S , and Klemberg, W Proc Soc 
Exper Biol & Med 37 507, 1937 

116 Haden, R L J Lab & Clin Med 22 439, 1937 

117 Cruz, W O Aw J M Sc 202 781, 1941 
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the inspned an is lestiicted to the piocesses 
concerned with the pioduction of led blood cells 
and hemoglobin Leukogenetic activity lemains 
undistuibed even in peisons who have a high 
level of polycythemia and a severe degiee of 
anoxemia Only duimg the eaily peiiod of 
exposure to a low baiometiic pressuie is ob- 
served, occasionally and with moie fiequency 
at the highei altitudes, a model ate and tempoiaiy 
leukocytosis, probably i elated to factors of 
mobilization and release The tendency foi an 
mveision in the leukocytic formula, with a i da- 
tive increase in the lymphocytes and a propoi- 
tional 1 eduction in the othei cells, obseived m 
dwelleis at high altitudes, even at lelatively low 
elevations, has been asciibed to the action of a 
moie intense solai ladiation 

The polycythemia which occuis undei the 
influence of a tempoiaiy anoxemia, such as the 
one obsei ved on pei sons’ ai i ival at high altitudes, 
seems to be in most cases the combined result 
ot lelease oi mobilization of stoied blood and a 
piocess of hemoconcentration The compara- 
tive study of the values foi blood volume detei- 
mined for the same subject within the fiist two 
houis after his arrival at high altitudes and a 
few days pieviously is open to ciiticism on 
account of the possible physiologic vaiiations 
which might have taken place duimg the mteival, 
liut the constancy of the lesults olitamed suggests, 
howevei, that the mechanisms mentioned play 
a pait in the obseived polycythemia The 
existence of leseives of blood in man, almost 
univei sally accepted since the classic experi- 
mental woik of Baicioft^^” and others on the 
lole of the spleen, has been recently denied by 
Ebert and Stead, who investigated the hematic 
1 espouse to exeicise, epinephrine and hemoi- 
ihage, employing the blood volume method of 
Gibson and Evans But the obsei vations of 
Kaltreidei, Meneely and Allen on the effect 
of epmcphiine on the volume of blood and those 
of Glickman and othei s^-- concerning the effect 
of hot enviionmental conditions, made liy the 
same dye method, and the lecent studies of Wat- 
son and Pame,^”'* who analyzed the blood ob- 
tained diiectly fiom the splenic vein after the 
injection of ejxncjihi me into the splenic alter}, 

118 Kenned}, W P, and ^Iacka>, I J Piusiol 
87 337, 1936 

119 Barcioft, J Lancet 1 319, 192'> 

120 Ebert, R V, and Stead, E A Am J M Sc 
201 065, 1941 

121 Kaltreider, N L, Meneely, R, and Allen. 
T D J Clm Imcstigation 21 339, 1942 

122 Glickman, N , Hick, F K , Keeton, R , and 
Montgomcr}, M M Am J Physiol 134 165, 1941 

123 Watson, C J , and Paine, T R A^m T M Sc 
205 493 1943 


give faiily good evidence that lescnes oi blood 
do exist m the body 

The pol}cythemia of chionic anoxemia coiie- 
sponds to an inci eased ei}thiopoietic activit) 
as evidenced by the excess of reticuloc} tes found 
in the peiipheial blood This reticuloc} tosis 
which IS more pionounced the highci the altitude 
and the degiee of anoxemia, cannot be explained 
simply on the basis of a gi eater numbei ol led 
blood cells pei cubic niillimetei , it is a qualita- 
tive as well as a quantitative piocess, and of a 
given numbei of eiythrocytes expelled bv the 
bone mairow a highei piopoition aie immatuic 
at high altitudes than at sea level The absence 
of nucleated red cells in the peiipheial blood 
suggests that the inci eased erythi opoietic activity 
pioceeds in a somewhat oideily fashion 

A definite elevation of the serum bihiubin, 
due almost entirely to an increase m the indi- 
lect fraction, is another faiily constant finding 
in men exposed frequently oi peimanently to 
a low baromctiic piessuie Theie aie wide indi- 
vidual variations, but in geneial the incicase m 
the pigment is diiectly piopoitional to the level 
of pol}cythemia (table 27). which suggests that 
a greatei rate of cellular destiuction, which 
coi responds, m tuin, to an inci eased late ot foi- 
mation, is an impoitant factoi m the mechanism 
causing the hypeibiliiubinemia Whethci the 
noimal livei cells should be able to excicte all 
the pigment, legaidless of its late and amount 
of formation, is still an unsettled question among 
students of hepatic physiolog) There aie othci 
factoi s piesent at high altitudes which may de- 
ciease the efficiency of this oigan in its excre- 
tory function The well known investigations 
of Rich,^-^ who observed that rats placed in low 
oxygen tension chambeis show'cd a diminished 
ability to exciete intiavenously injected bilirubin 
and had degenerative changes in the liver cells, 
and the similai findings of Camjibell,^-^ in rc- 
gaid to 01 game changes that developed in othei 
animals placed under similar expeiimcntal con- 
ditions, suggest that anoxemia per sc wdicn jiro- 
longed or constantl} piesent may be an imiioi- 
tant factoi in causing hepatic insufficienc} from 
the point of view' of excretion of pigment Our 
findings of a pioportional relationship between 
(1) the level of hjperbilirubincima and the degr<( 
and duration of the arto'cmia and f2) the ab- 
normal letention of injected bilirubin m natne 
residents of high altitudes arc in favor oi ihat 
possibility The inciease in the circulating b^ood 
\olume, a characteristic of the polycythemia rJ 
high altitudes, may plat an additional role in lb- 

124 Rich, A R Bull lohns Hopl ins j> 47 
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etiologic mechanism of the hypeibihrubinemia, 
accoidmg to recent studies made m cases of 
pol 3 ’’C)hhemia vera by Tinney, Hall and Giffin , 
these investigators found hepatic complications 
in 25 pel cent of 163 cases of the latter disease, 
and suggested that these may be due to several 
factois, among which they mentioned distention 
of the portal circulation m the liver, stasis caused 
by increased viscosity of the blood and impair- 
ment of the nutrition of the hepatic cells as a 
result of the ciiculatory alterations Urteaga^-® 
has suggested that a raised threshold of the 
hepatic cells for excretion of bilirubin ma)'^ be 
present at high altitudes Furthei studies aie 
necessaiy foi the final elucidation of the piob- 
lem, but it appeals likely at the present time 
that the hyperbilirubinemia present in most 
persons exposed frequently or constantly to a 
high altitude is the combined effect of several 
factors, among which an increased rate of pig- 
ment formation and a deci eased power of the 
hepatic cells to excrete pigment, due to the 
anoxemia, are piobably the most impoitant 
Another aspect, i elated to the possible inci eased 
late of cellular destiuction present at high alti- 
tudes, IS the possibility that the products deiived 
fiom the red cell disintegration will seive as an 
additional stimulus for increased foijmation, as 
has been observed expeiimentally If so 
the person subjected to the influence of chronic 
anoxemia would be placed in a sort of a vicious 
circle in regard to erythropoietic activity 

The effectiveness which the polycythemia of 
high altitudes has as a compensatory piocess is 
still a debated question There is abundant 
evidence to show that the development of symp- 
toms associated with exposure to a condition of 
temporary anoxemia and the degree of acclima- 
tization found m men living permanently at high 
altitudes cannot be strictly rated m terms of 
polycythemic levels The understanding of these 
aspects becomes clearei if one leahzes that the 
essential problem at high altitudes is not limited 
to the amount of oxj'^gen carried in the blood, 
as a matter of fact, as it was originally pointed 
out by Barcroft and otheis,® the lesident at a 
high altitude has m his aiterial blood a highei 
oxj'^gen content than the peison living at sea 
level The chief difficulty lies in the reduced 
tension of the small fraction of gas physicall)'’ 
dissolved in the plasma, which lepiesents the 
immediate souice of supply to the tissues, a high 
hemoglobin concenti ation with a high oxygen 
content m the circulating blood, although de- 
creasing, in part, the effects of the reduced 

126 Urteaga, O An Fac de med , Lima 25 89, 
1942 

127 Bojcott, A E, and OakLj, CL J Path 
& Bact 36 205, 1933 


tension, is not, in consequence, incompatible with 
all the limitations which an exposuie to a loi\ 
baiometiic piessure brings to the body A sig- 
nificant observation has been recently made by 
Doi ranee and othei s , these investigators 
obseived that the polycythemia caused by the 
administi ation of cobalt to lats inci eased the 
work peiformance of these animals 'undei con- 
ditions of anoxia The resident of high altitudes 
has been almost exclusively studied at rest, his 
capacity for giaded physical activity and the 
lelative importance of his vaiious oiganic and 
functional characteristics m the adaptation to the 
increased demands of work aie piactically un- 
known 

Further studies conceining muscle hemo- 
globin, which has been found to be increased in 
dogs living at high altitudes but has not yet 
been investigated m human beings, w'lll be of 
consideiable interest from the point of viev of 
acclimatization Owing to its peculiar chaiac- 
teristics in i egard to the affinit) and combination 
with oxygen,^®® this substance may play an iin- 
poitant role in compensatoiy adjustment to a 
deficient oxygen supply, as has been ahead) sug- 
gested 

The study of the hematologic observations 
made by seveial investigatoi s at sea level on 
persons with some degiee of arterial oxygen 
unsatui ation due to pulmonaiy disease shows 
that the polycythemic i espouse in them was less 
constant and in geneial less pionounced than 
that observed by us m men living at high alti- 
tudes with a similar degree ot anoxemia, except 
in cases of Ayeiza's disease No adequate 
explanation can be gn en at the pi esent tune foi 
this difference The lack of polycythemia is 
especially frequent m cases of pulmonaiy em- 
physema, in spite of the almost constant anoxemia 
pi esent in this disease It suggests that, in ad- 
dition to the fundamental anoxic stimulus, some 
othei f actoi s, pci haps associated v ith the natui e 
of the pulmonary lesions, ciiculatoiy abnormali- 
ties, reflex mechanism, etc may play some sec- 
ondaiy lole m bringing on the erythiopoietic 
hyperactivity It is mteiestmg in this lespect 
that the peisons with Ayeizas disease, in wdiom 
the associated polycythemia usually reaches high 
values, have clinical and hematologic chaiacter- 
istics (appearance of the i oeii<^genograms of the 
lungs, abijoimal lowering of the aiteiial oxygen 
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saturation, right-sided heait failuie, etc ) similai 
to those of patients with chionic mountain sick- 
ness, 'who at high altitudes show an abnormal 
accentuation of the polycythemia 

An mciease in the ciiculatmg blood volume is 
a common finding in the polycythemia of high 
altitudes and in ijolycythemia vera, but a com- 
paiative study of these processes raises a strong 
aigument against the acceptance of the theoiy 
that an anoxic stimulus plays a significant lole 
in the development of the latter disease The 
inci ease in the red cell volume tends to be greater 
in polycythemia veia, which also lacks the pio- 
poitional relationship between the level of 
polycythemia and the signs of increased led cell 
foimatipn and destruction observed in men 
exposed constantly to a low oxygen tension The 
absence of nucleated red cells in the peiipheial 
blood (a not infrequent findmg in polycythemia 
%era) at high altitudes, legaidless of the degree 
of anoxemia and the level of polycythemia, and. 
of fundamental impoitance, the lack of disturb- 
ance in the leukogenetic activity indicates that 
the hematologic response to anoxia does not show 
a disoidei of the entire hemopoietic system, such 
as occuis often in polycythemia veia An appai- 
ently gi eater similaiity, from the point of view of 
the increase in the circulating blood volume, is 
found between this disease and chionic mountain 
Sickness, but the fundamental differences, in the 
characteristics of the bone marrow activity and 
the involvement of the leukocytes aie also evident 
in these processes In addition, theie is some 
CMdence that the hematologic alteiations in 
chionic mountain sickness aie i elated to pul- 
monary factois not pie sent in pol}cythemia 
ACia 

SUMMARY AND CONCLUSIONS 

Investigations have ’ been made, at sea level 
and at high altitudes, m seveial senes of healthy 
and diseased male subjects, conceimng the in- 
fluence of tempoiaiy, inteimittent and chionic 
anoxic anoxia (anoxemia) on the moiphologic 
and othei chaiacteiistics of the cnculatuig blood 
The 1 elated hteiatuie has been briefly lenewed 
The mam obseivations lead to the following 
conclusions 

1 Exposuie to a low' baioiiKtiic piessuic 
eiiMionment causes in most cases i polyc\themic 
1 espouse Theie aic wide indnidual ^aIla^lons 
but in geneial the le\el of pohcythemia is diiecth 
piopoitional to the degiee, duiatKm and con- 
tinuity of the anoxic stimulus 

2 Theie seems to be a^ limit foi the hema- 
tologic response to the anoxic stimulus \\ hen 
this IS extiemeh se^ele adeciease lathei than a 
fiuthci mciease is obsened m the resulting 
pohcNthemia An mteifeience with the foima- 


tion of hemoglobin may be the lesponsiblc mecha- 
nism 

3 The level of hemoglobin m the circulating 
blood may be considered as one of the main fac- 
tois which tend to pieserve the internal stabiht\ 
01 homeostasis, against the disturbing influence 
of a constant lowering of the 0x3 gen tension 111 
the inspired air 

4 The polycjthemia associated with the 
anoxemia of high altitudes is absolute in Ujic 
The elevation in the total blood volume, w Inch at 
times leaches high values, is due to an inci cased 
led cell volume 

5 The polycythemia observed on pei sons 
arrival at high altitudes seems to be due to factoi 
of lelease of stored blood and hemoconcentiation , 
that coi responding to a lepeated 01 constant 
exposuie to a low pressuie environment is related 
to an eiythiopoietic hyperactnit) 

6 The polycythemia associated wuth a con- 
stant 01 inteimittent anoxemia tends to show’ a 
piopoitional elevation m the ciiculatmg reticulo- 
cytes and m the sei um bilii ubm The lattei chai - 
actenstic suggests that an inci eased late of ccllti- 
lai destiuction paiallcls the inci eased foimation 
but other factois, such as insufficiency of the livci 
m excretion of pigment, due to the anoxic con- 
dition, may also play an etiologic lole m the 
obsei ved hypei bihi ubmemia 

7 The stimulating influence of anoxemia on the 
hemopoietic system is lestiicted to the foim.i- 
tion of led blood cells and hemoglobin LcuKo- 
poietic activity is not affected, and the model ate 
and temporal}’ leukocytosis w’hich at times is ob- 
ser\ed on a pei son’s aiiival at a high altitude 
is piobabl} I elated to the ielca-.e and mobili/ation 
of stoied blood 

8 Chionic anoxemia docs not niodif} the 
Cl \ tin opoietic activit} permanenth When a 
pel son who has lued since biith at high altitudes 
IS bi ought dow’ii to sea le\el. he shows aftci some 
time blood chaiacteiistics similai to those found 
in pel sons who hace alwais lued undci the lattei 
cm nonmental conditions Dining the caih 
jiciiod ol adaptation to the 1101 mal ]nc=siiic cn- 
Mionment theie fiequcnth occuis an abnoimal 
deciease m the red blood cells and hemoglobin 

9 Comparatue studi of the pohcjthenna oi 

high altitudes and the pohcxthcmic s 

obsened at sea level indicates that (a) in ca^i^ 
of anoxemia at sea le\cl due to pulnioiiarv 
changes the poljcithennc rcspoiuc tends lo lx 
less than with coircspondmg degrees of ailcrn! 
ox\gen unsatuiation at high altitude-, c'npt in 
cases of A}er 7 a s ducasc (J>) it 1- not hi eh lint 
the caiisatue mcclianiMn of pcheetiiemn ma 
related to the existcnec <ii an aixojc -tunuli!- 
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The nineteen-twenties \\ ill go down in medical 
history as the decade of t^^o great therapeutic 
discoveries Barely foui yeais had elapsed since 
Banting’s epochal discovery of insulin when 
Minot and Muiphy^ staitled the woild by then 
announcement of the eftect of In ei on the com se 
of pernicious anemia The gioundwork for this 
discovery was laid eailier by the studies of 
Whipple and his associates - on the effect of 
a diet rich in led meat and livei on erythio- 
C} topoietic activity in dogs with expei imentally 
pioduced anemia 

The next important step m the piogiess of hvei 
therapy was the pieparation of an active liver 
extract which could be administered eithei by 
mouth or parenterally This overcame the ob- 
jections of many patients to the monotony of 
a daily diet including hvei 

With the value of hvei theiapy firmly estab- 
lished, two questions occupied the minds of 
investigators 1 What is the nature of the anti- 
anemia principle present in the In ei ^ 2 What 
side effects, if any, do livei oi liver preparations 
have on other functions of the body ^ This paper 
is concerned only with the second question 

That liver and liver extract influenced the 
carbohydrate metabolism was claimed long be- 
fore the discoveiy of insulin and the introduction 
of liver as a specific tieatment for pernicious 
anemia At the end of the nineteenth century 
French clinicians advocated the use of liver and 
of liver extracts in the treatment of diabetes 
melhtus The results, however, were not uni- 
form Sometimes the administration of liver 
or of liver extract was followed by a remarkable 
improvement The glycosuria seemed to be 
diminishing oi disappeared entirely, and the pa- 
tient felt better At other times livei had no 
effect on the course of the disease, on the con- 
trary, the diabetic symptoms increased in sever- 
ity, with a corresponding increase in the urinary 
concentration of dextrose 

1 Minot, G R, and Murphy, W P Treatment 
of Pernicious Anemia by Special Diet, JAMA 
87 470 (Aug 14) 1926 

2 Whipple, G H , and Robscheit-Robbins, F S 
Am J Phvsiol 72 408, 1925 


To explain these diveigent lesults obtained 
with hvei thei apy Gilbert and Carnot " assumed 
that a diabetic patient might suffer from eithei 
h} perfunction oi hypofunction of the liver Thus, 
they leasoned, a person with diabetes and a hypo- 
functioning liver will ultimately benefit fiom the 
hvei diet, while a patient with a hyperfunction- 
ing liver will get worse In their conclusion 
they went one step furthei , advocating the use of 
a liver diet as a test of the functional activity 
of tlie liver in the diabetic person Othei French 
clinicians published similar lepoits on the eftect 
of liver in diabetes Even as late as 1921, 
attempts were still being made to tieat diabetes 
with liver extract In that year Levin,^ in an 
aiticle entitled “My Obseivations With Hepatic 
Extract As a Remedial Agent,” related the 
good lesults he obtained with a specially pre- 
pared soluble liver extract m 4 diabetic patients 
With the introduction of insulin as a standard 
tieatment of diabetes these experiments uere 
abandoned 


The publication of an aiticle b> Blotnei and 
Murphy® in which they claimed for hvei an 
insulm-like action on the blood sugai concen- 
tiation both in diabetic and in nondiabetic per- 
sons bi ought the whole question of the effect of 
hvei on the carboh)ffiate metabolism back into 
the limelight In a second papei ® they de- 
scribed the results obtained from the administia- 
tion of a specially prepared liver extract in 19 
diabetic patients Then conclusions were similar 
to those already reported, namely, that then liver 
exliact contained a sugar-reducing substance, 
which was active when taken by mouth, was 
nontoxic and had an effect on the blood sugar 
concentration similar to that obtained with small 
doses of insulin A similar leport was published 
by Lombardi ‘ On the other hand, Brett and 
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5 Blotner, H , and Murphy, P Effect of Liver 
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6 Blotner, H, and i Murphy, W P Effect of 
'ertain Liver Extracts on Blood Sugar of Diabetic 
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his associates,® working with a liver extract care- 
fully prepared according to the recommendations 
of Blotner and Murphy, not only failed to sub- 
stantiate these claims but, on the contrary, 
noticed a slight rise m the blood sugar con- 
centration following the administration of the 
liver extract 

An interesting report on the comparative 
effects of liver and of liver extiact in pernicious 
anemia and diabetes, m one of those rare cases in 
which the patient suffered from both diseases, 
was made by Bowen ® Bowen’s patient, a man 
55 years old. was found to have pernicious 
anemia m 1928 He w'as then treated with raw 
liver and hvei extiact In March 1929 he be- 
gan to show symptoms of diabetes He w^as 
theiefore given insulin foi the diabetes in addi- 
tion to whole liver for the anemia During this 
peiiod the amount of insulin had to be i educed 
on account of the ensuing hypoglycemia At this 
stage livei extract was substituted foi whole 
liver Duiing the latter period the amount of 
insulin had to be doubled to contiol the diabetic 
state In this case, judging fiom the clinical 
progiess of the patient, the liver extract did not 
lower the blood sugar concentiation , on the con- 
trary, the amount of insulin had to be doubled 
to control the diabetes 

In connection with the question of the effect 
of hvei extract on the caibohydrate metabolism, 
Gensslen’s i epoi t seems to thi ow^ some light 
on the piobable mode of action of some liver 
extracts He gave normal rabbits injections of 
a potent hvei extiact and found that after in- 
jection of 0 5 cc of the extiact daily for seveial 
days the animars hepatic glycogen, wdiich nor- 
mally ranges between 4 and 6 per cent, practicall} 
disappeaied Fiom this expeiiment it would 
appear that this hvei extract had a glycogeno- 
lytic effect on the hepatic glycogen 

Buttnei conducted similai expeiiments with 
a protein-free hvei extract Seven out of 9 pa- 
tients who were given injections of 2 cc of this 
extract showed inci eases in the blood sugai 
averaging 33 i:)er cent, the maximum inciease 
running as high as 60 pei cent Similar results 
weie obtained by the same author in experiments 
with normal rabbits To exclude the influence 
of the adienal glands he lepeated these expeii- 
ments wnth adrenalectomized and morphine- 

8 Brett, P , Broom, W A, and Howitt, F O 
Lancet 1 20, 1931 

9 Bowen, B D Comparative Effect of Li\cr and 
Liver Extract on Diabetes in Case of Combined 
Pernicious Anemia and Diabetes, J A. M A 95 30 
(Juh 5) 1930 

10 Gensslen Al Klin tt'^chnschr 9 2099, 1930 

11 Buttner, H E Klin Wcbnschr 11 1218 1932 


poisoned animals The lesults, howe\er, le- 
mained the same 

M} own expel lence with the effect of Iner 
extracts on the carbohydrate metabolism goes 
back to the years 1932 and 1933 During this 
period 17 patients, all suffering from pernicious 
anemia were tieated by me with h\ei extract’- 
for various lengths of time The routine treat- 
ment consisted of mtramusculai injections of 
liver extiact given twice w^eeklv The extiact 
w^as intended for parenteial administiation and 
was delivered in mduidual ampules containing 
about 5 cc of the extract I used two fi actions 
of the extract , they w'ei e labeled extract fraction 
A and extiact fraction B To test the potencj 
of these fractions the patients were divided into 
two gioups One group leceued regularly the 
fraction A extract, while the other gioup was 
tieated wnth the fraction B extiact The hema- 
tologic response to both extracts w'as good 

REPORT or CASES 

Case 1 — A woman m her late fifties who was treated 
with the fraction B extiact soon began to complain of a 
seveie itching m the vulva A determination of the 
fasting blood sugar and an examination of the urine 
weie therefore made The urine gave a positive reae- 
tion for sugar with Benedict’s leagcnt, and the blood 
sugar was reported to be at 150 mg per hundred cubic 
centimeters A month later another determination of the 
blood sugar was made This time the value rose to 
190 mg The patient was then referred to the clinic for 
diabetic patients and the antianemia treatment with the 
extract was continued Six weeks later the blood sugai 
was found to have reached a concentration of 
240 mg per hundred cubic eentimetcrs Since 
the coexistence of diabetes ana pernicious anemia 
was always regarded as extremelv rare, this case 
aioused mj interest In investigating the case it was 
important to establish whether the diabetes jirecedcd the 
anemia or developed after it This could easilv lie 
established since the patient had been referred to tiie 
clinic from the vvaid The hospital record showed that 
about SIX months previoush the blood sugar v as 90 mg 
per hundred cubic centimeters and the urine was normal 

The assumption that the liver extract might in some 
wav be connected with the development of the diabete-, 
esjieciall}' after consideration of the steadv and i ipid 
rise in the blood sugar concentration could not easilv 
be dismissed To make sure that this was not a mere 
coincidence, I examined the urine and the blood oi 
several other patients who had been treated v ith tiu 
same extract The results of these examinations cn.i- 
firmed mv suspicions All had hvperglvccmn ind 
glvcosuria 

Case 2 — M C, a man about 60 vears old Inn 
suffered from pernicious anemia tor some .wars (jn a 
recent admission to the hospital his blood ^un'ir v is 
found to be 110 mg per hundred cubic centinnttr- ■ 
his urine was free ot sugar \fter tour veel" oi tn 0- 
ment with the fraction B extract his bkyui su-jar 
140 mg per hundred cubic centimeters .anti ki^ nr'i' 
gave a positive reaction for sue'!*- wit.i Ih i eoir* 

12 The extract w is supplied b> the \\ iL a I-ab 'f- - 
tones Chicago 1 Gm oi the extr'ct rtj>rts t* ’ 2- 
Gm of fresh liver 
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leagent Four weeks later the blood contained 190 mg 
of dextrose per hundred cubic centimeters Six weeks 
later, with the patient still under treatment with frac- 
tion B extract, the blood sugar reached a level of 
240 mg Several weeks later it rose to 320 mg 
Case 3 — Another patient m this group, E S , a man, 
whose blood sugar had been found to be normal about 
a jear previously, had values ranging between 190 and 
300 mg per hundred cubic centimeters of blood after 
several months of treatment with the fraction B extract 

COMMENT 

The remaining 5 patients of this giotip le- 
acted in the same wa} to the admmistiation of 

Fastwg Blood Sngai Baines and Unna)y Reactions of 
Seventeen Patients 'Mitli Pernicious Anemia 
Ticated zvith An Iniectablc Liver 
Extiactj Fraction A oi B 


Tasting Blood Sugar 
Mg per 100 Cc ot Hood 
*- 
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the extract All had dextrose ui the urine and 
hyperglycemia in some degree In seveial in- 
stances I was able to determine the blood sugar 
concentration just before the treatment with this 
extract was started I found that after six to 
eight injections of liver extract fraction B all 
patients had a 40 to 50 per cent rise in the blood 
sugar concentration, and 1 patient had glyco- 
suiia 

Further observation of these patients could 
not be made by me because of mj resignation 
from the clinic However, the attending phy- 
sician, who is still m charge of the clinic, was 
kind enough to give me some latei information 
about these patients In a letter addressed to 


me in 1942 he wrote “Some of the cases you 
worked on have been established definitely now 
as instances of diabetes, and the hyperglycemia 
may not necessarily have developed as a result 
of the liver extract ” 

Personally, I have no doubt that the liver ex- 
tiact was responsible for the development of the 
diabetes Theie is enough clinical and labora- 
toiy evidence today to suppoit this statement 

The experiments conducted by Dr Joseph E 
Sokal in Dr Long’s laboratories proved con- 
clusively the presence of a gl\ cogenolytic sub- 
stance in the hvei extract I used m the clinic 
for the tieatment of patients with pernicious 
anemia This extiact when injected into normal 
labbits regularly produced glycosuiia and hyper- 
glycemia 

SUMMARY 

A liver extract used in the treatment of 
patients with peinicious anemia was found to 
have an eftect on the carbohydrate metabolism 
Of the 17 patients tieated with this liver extract, 
fraction A or B, 11 had an increase in the blood 
sugar concentration. 8 had glycosuria and hyper- 
glycemia m various degrees, depending on the 
length of treatment, and the remaining 6 were 
unaffected Some of the patients became per- 
manently diabetic 

CONCLUSIONS 

1 Judging from clinical observations and ex- 
pei imental work in the laboratorj’’, it appears that 
some liver extracts used in the treatment of 
pernicious anemia contain an as yet unloiown 
factoi, not identical wuth the antianemia prin- 
ciple, which is capable of producing glycosuria 
and hyperglycemia in human beings as well as 
in experimental animals 

2 All liver extracts befoie being released for 
public use should be tested for the presence of 
this “diabetogenic” factor 

3 Extracts possessing such properties could 
be used effectively m the treatment of chronic 
hypoglycemia 

4 Pei iodic determinations of blood sugar 
should be made for all patients treated with livei 
extract 
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INTRODUCTION AND REVIEW OF THE 
LITERATURE 

The announcement by Minot and Murphy of 
the successful therapy of pernicious anemia b}' 
a liver diet served as a strong stimulus to the 
preparation and study of liver extracts Al- 
though the primary interest of investigatoi s has 
been in the effect of various liver extracts on 
the hemopoietic S 3 ^stem and most of the studies 
have been confined to patients with pernicious 
anemia, there has been some consideration of 
the action of such extiacts on other organ sys- 
tems With the introduction of injectable ex- 
tracts in particular, animal experiments have been 
performed and various side actions of liver 
preparations have been studied 

In the course of such studies of the systemic 
effects of orally and parenterally administered 
liver extracts, especially the latter, vaiious ob- 
servers have noted more or less striking effects 
on the carbohydrate equilibrium of the body 
As might be expected with different men using 
various technics and working with extracts pie- 
paied often by widely divergent methods, there 
IS no agreement in the leported results Thus 
one finds papeis denying any effect of liver 
extiact on carbohydrate metabolism, opposed by 
repoits of clearcut and definitely established ac- 
tions, m opposing directions 

Because of the contradictory nature of the 
findings and because much of the investigation 
has been poorly controlled, accurate appraisal 
and evaluation of the published work are difficult 
The reports in the hteratuie fall into several 
groups 

Effect of Ltvei E\boct on Blood Sngai m 
Erpenmental Ammals — Buttnei ^ found that 
both of two commeicial extracts tested produced 

From the Department of Ph} siological Chemistrj, 
Yale University Medical School 

Dr C N H Long and Miss Edith Fry gave adiicc 
and criticism during the studies reported and made 
laboratory facilities aiailable 

1 Buttner, H E Qinical and Experimental Ob- 
servations on the Action of Injectable Lner Extracts, 
Kim Wchnschr 11 1218, 1932 


regularly a more or less distinct use m the blood 
sugar of fasting and fed labbits In the latter, 
after feeding of levulose increases of more than 
150 mg per hundred cubic centimeters above 
the values foi the control animals were noted 
The blood sugar-raising effect was noted in 
adrenalectomized and in morphine-poisoned rab- 
bits Kahler and Riedel ^ were unable to con- 
firm Buttner's results However, the latter ’ 
raised ceitam valid objections against the ex- 
perimental technic and dosage that they u'^ed 
Zipf and Drmgenberg ^ also were unable to con- 
firm Buttnei ’s findings They examined four 
liver preparations, including the two used by 
Buttner. and obtained no consistent effect on 
the fasting blood sugar, alimentary hypergh- 
cemia or insulin h 3 'poglycemia of rabbits On 
the other hand, Hungerland ° noted that daily 
injections of liver extract into labbits for four 
to seven veeks pioduced a resistance to insulin 
and a rapid recover 3 from insulin hypoglycemia 
as compared vith the couise in controls 

Effect of Lwc) Extiact on Glycogen Content 
of Livei — Gaensslen ^ noted that injection of his 
liver extract into guinea pigs caused a prompt 
and remarkable drop in hepatic gl 3 'cogen He 
obtained values ranging from a trace to 1 5 per 
cent, as against 4 8 per cent and 5 per cent in 
control animals Ederle and Kiiech ^ also noted 
a gl 3 cogenoh tic effect of hvei extract and 
ascribed it to the piotein content of the extracts 
used De Caio® reported that administration of 

2 Kahler, H, and Riedel, R Docs Luer Extract 
Exert an Effect on Blood Sugar’ Kim Wchn'^chr 12 
151, 1933 

3 Buttner, H E Lner Extracts Effect on Blord 
Sugar Khn Wchnschr 12 1S2, 1933 

A Zipf, K , and Drmgenberg, H Tiic Effect of 
Lner Extract on Carbolndrate Metabolism, Arch f 
exjier Path u Pharmakol 170 465, 1933 

5 Hungerland, H The Effect of Lner Extnet 
on Insulin H\pogl\cemia Khn Wchnschr 18'647, 1 <’U ,9 

6 Gaensslen, M \ Highh Actne Injectable Lr«r 
Plxtract Khn Wchnschr 9 2099, 1930 

7 Ederle W. and Kriccn, H Hepatic Gh co- 
genoh tic Action of Organ E' tracts Containing Protein, 
Med 'Wclt 6 184 1932 

8 De Caro L Tne nction of Lner E''t'Tct f" 
Hepatic Gh cogen and Basal Melabolnm, Boll See i* 1 
di biol sper 7 344, 1932 
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liver extract caused a deciease in hepatic gly- 
cogen in the rat and guinea pig, without atifecting 
blood sugar or basal metabolism On the other 
hand, Wiedemann® found that liver extract 
caused a rise m hepatic glycogen He obtained 
values as high as 1 1 3 per cent in normal guinea 
pigs 

Effect of Lroc) ErUact on Blood Sugat of 
Human Subjects — The reports by Blotner and 
Murph} that oral administration of liver ex- 
tract had a favorable effect on the blood sugar 
of diabetic patients aroused much interest How- 
ever, later careful work with clinical material 
and depancreatized dogs (De Pencier, Soskm 
and Best^^) failed to confirm these startling 
findings There are several instances on record 
in which hyperglycemia and glycosuria have been 
observed in the course of treatment of patients 
with pernicious anemia with crude liver ex- 
tract The most striking of these is the experi- 
ence of H B Sokal,'- who found that hypergly- 
cemia developed in 11 of 17 patients treated 
with a crude liver extract and that 8 of them 
had glycosuria 

The striking values for liver gl3'’cogen obtained 
b} Gaensslen and those for blood sugar obtained 
by H B Sokal after parenteral administiation 
of liver extract prompted this study of the effect 
of liver extract on certain aspects of carbohy- 
drate metabolism Anns of the work reported 
herein were (fl) to confirm if possible the results 
described by these investigators, (b) to study 
the mechanism involved and (c) to investigate 
the properties of the fraction responsible (it 
seemed most probable that the carlioh^'drate- 
affecting fraction was independent of the anti- 
anemic factor) 

Several liver extracts were available for study, 
among them three similar to those used by H B 
Sokal Unfortunately, extracts used by other 
authors cited could not be obtained It was 
most feasible to use the albino rat as the experi- 
mental animal 


9 Wiedemann, A Effect of Liver Extract on the 
Carbohydrate Metabolism of the Liver, Klin Wchnschr 
17 766, 1938 

10 Blotner, H , and Murphy, W P Effect of 
Certain Liver Extracts on the Blood Sugar of Diabetic 
Patients, J A M A 94 1811 (June 7) 1930 

11 De Pencier, M T , Soskm, S , and Best, C H 
The Effect of Liver on the Blood Sugar Level and on 
the Sugar Excretion of Depancreatized Dogs, Am J 
Physiol 94 548, 1934 

12 Sokal, H B Does Liver Extract Contain a 
Diabetogenic Substance’ Report of Eight Cases of 
Pernicious Anemia with Hvperglycemia and Glycosuria, 
unpublished data , personal communication to the author 
(1934) 


PLAN or EXPERIMENTS 

Preliminary experiments included brief exam- 
ination of the liver extracts available, selection 
of a standard dilution of the concentrate in which 
the bulk of the extract used was supplied, selec- 
tion of experimental animals and standardiza- 
tion of technic Investigation then proceeded 
along the following lines 

I Daily determination of urinary dextrose 
over long intervals, both during administration 
of livei extract and during control periods 

A In normal animals 

B In “latent” diabetic (partially depan- 
creatized) animals 

C In a “frankly” diabetic (partially depan- 
creatized) animal excreting large 
amounts of dextrose daily 

II Effect of pai enteral liver extract on blood 
dextrose levels of normal animals 

A In the fasting state 

B In the absorptive and postahsorptive 
states 

III Effect of insulin on hyperglycemia pro- 
duced by hvei extract 

IV Effect of liver extract on carbohjdrate 
stores of normal animals 

A Fasting 

B Fed 

V Effect of parenteral liver extract on nitro- 
gen balance of normal animals 

VI Effect of parenteral liver extract on res- 
piratory quotients of 

A Normal animals 

1 Fasting 

2 Dining absorption of dextrose 

B “Diabetic” (partially depancreatized) 
animals 

1 Fasting 

2 Dining absorption of dextrose 

Finall}', some properties of the active principle 
were studied, and attempts were made to frac- 
tionate the liver extract used Postmortem 
studies and microscopic examination of repre- 
sentative tissue sections were carried out rou- 
tinely, all animals being killed at the conclusion 
of the experiments 

METHODS 

Caie of Aiinnals—The animals were housed in a 
warm room, free from drafts They were weighed, 
food cups and water bottles were filled and urine flasks 
were emptied at the same time each morning Cages 
were cleaned at regular intervals Rats were main- 
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tamed m cages consisting of large galvanized iron cans 
equipped with no 4 mesh wire screening as a bottom 
and with a removable top These cages rested on 10 
inch (25 cm ) glass funnels 

Diet — Rats were given a standard diet, prepared in 
bulk, which contained 25 per cent free carbohydrate 
and 52 per cent total available carbohydrate 

Colleclton and Analysis of Unite — Urine was col- 
lected in 125 cc Erlenmeyer flasks containing about 
1 cc of toluene No preservative was used when it was 
desired to apply fermentation tests to the urine 

Urinary dextrose was determined by titrating un- 
diluted urine against 5 cc of Benedict’s quantitative 
solution Urinary nitrogen was determined by a modi- 
fication of the Folin-Wu method, with the comparative 
colorimeter 

Collechon and Analysis of Blood — Blood was ob- 
tained for determination of dextrose by rapidly cutting 
off the tip of the animal’s tail with a sharp razor blade 
This procedure was usually painless, and blood was 
readily obtained with the aid of gentle massage of the 
cut tail About 02 cc of blood was collected for 
analysis, a small amount of potassium oxalate-sodium 
fluoride mixture serving as anticoagulant and preserva- 
tive 

Dextrose was determined by a modification of the 
Folin ferncyamde reduction micromethod The Evelyn 
photoelectric colorimeter was used, readings were con- 
verted into logarithmic equivalents and values for blood 
dextrose were read directly off a previously prepared 
and frequently checked curve 

Determination of Glycogen - — Tissues for determina- 
tion of glycogen were obtained from the living animal 
anesthetized with pentobarbital sodium (5 mg per hun- 
dred grams of body weight) As soon as anesthesia 
was complete the skin of the leg was incised and re- 
flected back, so that the gastrocnemius muscle was 
exposed The muscle was rapidly freed along its length 
and cut at the achilles tendon and proximally, a sample 
of about 1 Gm being taken This sample was imme- 
diately plunged into a 50 cc tared centrifuge tube 
containing 2 cc of 30 per cent potassium hydroxide 
solution An abdominal incision was then made, a lobe 
of the liver clamped off and approximataely 1 Gm of 
hepatic tissue removed This was quickly blotted on 
filter paper to remove excess blood and similarly dropped 
into a tared tube containing 30 per cent potassium 
hydroxide solution Finallv, 1 cc of blood was drawn 
bj-- cardiac puncture, for a check determination of dex- 
trose 

Glycogen was precipitated witli alcohol, hydrolyzed 
with hydrochloric acid and determined as dextrose by 
the Shaff er-Somog} 1 method The blood filtrate w'as 
prepared by the Somogvi zinc precipitation method and 
similarly analyzed for dextrose 

Detei nnnation of Respnatoiy Quotients — The open 
circuit Haldane apparatus w'as used for determining 
respiratory metabolism The rat was placed in a Mason 
quart jar fitted with a large rubber stopper carrying 
an inlet and an outlet tube Incoming air w^as purified 
by passing it successive!} through sulfuric acid and 
pumice, soda lime and anh}drous magnesium perchlo- 
rate Thus it W'as freed of water and carbon dioxide 
Emerging air was passed through two U tubes contain- 
ing anh}drous magnesium perchlorate and two con- 
taining sodium h} roxide-asbestos absorbent and 


13 Folin, O , and Wu, H A Sv stem of Blood 
Analysis, J Biol Chem 38 81, 1919 

14 (a) The preparation of anhvdrous magnesium 
perchlorate used was “dehvdrite” (o) The preparation 
of sodium hv droxide and asbestos w as “ascarite ” 


anhydrous magnesium perchlorate in that order In 
this manner expired water and carbon dioxide were ab- 
sorbed The final tube was attached to a mercury 
manometer and a vacuum line, which drew the air 
through the system The entire svstem (excluding the 
tubes used in purification of incoming air) was weighed 
before and after each trial Carbon dioxide was deter- 
mined directly, by the change in weight of the lubes 
containing sodium h}droxide-asbestos absorbent The 
gam in weight of the system as a whole (rat -f- jar-{- U 
tubes) represented the oxygen consumed 

Liver Exit acts — Extracts “fraefaon A” and “fraction 
B’’ (the fractions used by H B Sokal m the treat- 
ment of patients with pernicious anemia) were spcciallv 
prepared bv the Wilson Laboratories, Chicago The 
extract used most frequently m these experiments, which 
will be designated liver extract no 1, was prepared 
frequentl} m small quantities by diluting with an equal 
volume of distilled water another extract speciall} pre- 
pared by the Wilson Laboratories The diluted extract 


Table 1 — Fei mentation of Livei Evtiaets 




Dextrose 




Dilu 

Equiva- 



Extract 

tion 

lent 

Yeast 

Results 

Fraction B 


13 0% 

Bakers’ 

Partial fermentation 

LEI 

1 5 

2 7% 

Bakers' 

No fermentation 

LEI 

1 5 

2 7% 

Same 

No fermentation 

Dextrose 

3% 

3% 

sample 

bakers’ 

No fermentation 

Dextrose 

0 8% 

0 8% 

Slow fermentation 

L E 1 

1 3 

2 7% 

Brewers’ 

Slisht fermentation 

Lilly 

1 10 

0 0% 

Breners' 
and bakers’ 

Complete fermentation 

L E 1 

19 

1 5% 

Same 

sample 

Slisht fermentation 

LEI plus 

19 

2 0% 

mixed 

Fermentation equiva 

OlGm dex 



brewers’ 

lent to added dextrose 

trosc 



and bakers’ 


Dextrose 

0 3% 

0 5% 


Complete fermentation 

L E 37 

1 10 

10% 


No fermentation 

L E 37 plus 

1 10 

1 5% 

Same 

Partial fermentation 

dextrose 



■'ample 

bakers’ 


L E 33 

1 10 

1 0% 


No fermentation 

L F 33 plus 

1 10 

1 5% 

Same 

Partial fermentation 

dextrose 



sample 

bakers 



was a clear, deep brown, neutral solution, of specific 
gravitv I 14 Fifteen grams of fresh hver v as repre- 
sented bv 1 Gm of this extract , it contained '^0 per 
cent of solid material and 2 6 per cent of ash Its 
reducing power was equivalent to a 13 5 per cent solu- 
tion of dextrose and it contained 22 ing of nitrogen 
per cubic centimeter It was almost completclv dialv zable 
Other extracts onl} bnefl} used, were Wilson's fl93S> 
Lilh’s (1939) plain and Abbott’s (1940) cor centratea 
liver extracts 

These six commercial liver preparations di at on" im " 
or another found to be cfilcatious m the treitr.,tit </' 
pernicious anemia, v ere examined m this \ 3 ! 

were soluble m v ater, completeh or o itii onl. sn, dl 
amounts oi insoluble residue, forming a rtutr->l dfep 
colored solution All v c'-e free of p'otein as jide^f' h 
the heat precipitation, biuret Millon ai a i itnr 
tests None contained a siirnificant amoi n o. od”'- 
soluble material , all contaired nitrogen 

A. Qisturbmg lactor throjgho..l the c p' 'n .e is 
been the fact that four the e't-acts tc‘*cl n -Lj 
all those canablc of produemg ghcosira c *. 
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gave strong reductions with Benedict’s solution, equiva- 
lent to a dextrose concentration of 6 to 14 per cent 
The extracts which reduced Benedict’s solution behaved 
like equivalent solutions of dextrose toward the common 
sugar reagents It was therefore attempted to identifr' 
the reducing material as dextrose To this end, con- 
densation with phenylhydrazine and fermentation tests 
were used Various dilutions of three of the potent 
preparations were condensed with phenylhydrazine in the 
usual manner, dextrose solutions of equivalent reducing 
power being used as controls In all cases crystalline 
precipitates were readily obtained which grossly re- 
sembled glucosazone and microscopically could not be 
distinguished from it Fermentation tests with the liver 
extracts were rather unsatisfactory Difficulty was ex- 
perienced m obtaining potent samples of yeast and in 
achieving consistent results m attempts at fermentation 
of the extract A complicating factor making the inter- 
pretation even more difficult was the presence of various 
preservatives in the extracts tested The results of 
fermentation tests are listed in table 1 It will be seen 
that, although partial fermentation was obtained occa- 
sionally and complete fermentation was secured in 1 
instance, the results on the w’hole cannot be regarded as 
satisfactory 

EXPERIMENTAL STUDIES 

Production of Glycosmm by Pmenteial Ad- 
ministration of Live) Ext) act oid Assay of 
Seveial Piepaiations — It was found possible to 
produce glycosuria consistently by subcutaneous 
or mtrapentoneal injection of several liver ex- 
tracts In normal animals urinary excretion of 
dextrose of as much as 0 4 to 0 8 Gm per day 
was obtained with large doses of extract That 
the reduction noted was in reality due to dex- 
trose was readily proved Glucosazone was 
obtained by condensing samples of urine with 
phenylhydrazine, reduction of Benedict’s solu- 
tion was absent after fermentation of the urine 
with yeast 

The six liver extracts already mentioned w ere 
tested for ability to produce glycosuria Thiee 
of these preparations are now in use in the tieat- 
ment of pernicious anemia The others, rela- 
tively cruder, were formerl> found to be eftec- 
tive against that disease but haie lieen leplaced 
by more potent and purei prepai ations , these 
three, designated as “fraction A,” “fraction B” 
and “liver extract no 1,” aie samples prepai ed 
to resemble the extracts used by H B Sokal 
in the work previously cited The lelative po- 
tency of these extracts was tested by administer- 
ing various amounts of each parenterall)’’ to 
normal animals, under w^ell controlled condi- 
tions In some cases it w^as immediately ap- 
parent that an extract either had little ability 
to produce glycosuria or was potent enough to 
w'arrant further study , in other cases an extended 
period of observation was necessary to reach a 
conclusion 

Chart 1 presents a typical study of this sort 
In this experiment, “fraction A’’ and “fraction B ’ 


were compared, three normal male guinea pigs 
weighing 250 to 300 Gm , on a diet of oats and 
lettuce, were used Guinea pig S 1 was given 
an injection of “fraction B” , animal S 2 received 
an equal dose of “fraction A” under the same 
conditions , S 3, a control, was occasionally given 
an injection of dextrose solution It will be 
noted that the control animal at one time excreted 
a significant amount of dextrose and that the 
experimental animals did not do so unless they 
were given liver extract Administration of 
0 2 cc of the extract per hundred grams of body 
w^eight did not produce a glycosuric response 
Administration of 04 cc pei hundred grams of 
either fraction A or fraction B evoked glyco- 



1 10 20 30 

Day of Eipsriarat 


Chart 1 — Activitv of two liver extracts on 3 normal 
male guinea pigs weighing 250 to 300 Gm , on a diet of 
oats and lettuce SI was given fraction B , S2 received 
fraction A, S3 was the control 

suna, the response to fraction B was in every 
case greater than that to fraction A Further- 
more, after tiventy-thiee days fraction A was 
no longer capable of eliciting glycosuria, whereas 
fraction B was as active as before Doubling 
the dose of liver extract, to 0 8 cc per hundred 
grams of body w eight, resulted m a 69 per cent 
increase in urinary dextrose Injections of dex- 
trose solutions, alone or in conjunction with liver 
extract, had no effect on glycosuria The pos- 
sibility that individual variation played a role 
w'as luled out by later giving animal S 2 an 
injection of fraction B, when a glycosuric re- 
sponse was again obtained in this animal 
Table 2 summarizes the results of compara- 
tive studies of potenc} of the various extracts 
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The extracts were tested in some cases in the 
same animal at diffeient times, m other cases 
in 2 animals of the same sex, age and weight, 
maintained undei identical conditions If the 
lattei type of test was used, individual variation 
vas ruled out by changing extracts at the con- 
clusion of the experimental peiiod, as first de- 


Table 2 — Activity of Scveial Livei Eitiacts 


Extract 

Reduction 

Dextrose 

Description Equivalent 

Experimental 

Animal 

Glyco- 

suria 

Produced 

ilson 

Now manu 
f aetured for 
treatment of 
pernicous 
anemia 

0 

Normal guinea 
pig 

1 plus 

Traction A 

No longer 
used 

10% 

Normal guinea 
pig, normal 
mouse 

2 plus 

Traction B 

No longer 
used 

12% 

Normal guinea 
pig, normal 
mouse, normal 
and diabetic 
rat 

4 plus 

LEI 

No longer 
used 

13 5% 

Normal and 
diabetic rat 

4 plus 

Lilly 

Now used in 
the treatment 
of pernicious 
anemia 

6 0% 

Normal rat 

2 plus 

Abbott 

A "concen 1 3% 

trated” liver 
extract, relatively 
pure, now used in 
the treatment 
of pernicious 
anemia 

Normal rat 

0 

sciibed 

It Will be 

seen that the most 

active 


prepaiations weie fraction B and liver extract 
no 1 


SelecUon oj Expenmental Aminals mid Stand- 
m disation oj Pi ocedure — Guinea pigs, mice and 
rats were given injections of potent liver extract, 
and glycosuria was obtained in each species 
Mice proved to be unsuitable, however, because 
only small amounts of urine were obtained and 
samples weie usually grossly contaminated with 
feces Both guinea pigs and rats were satis- 
factory, but the latter proved much more con- 
venient as expenmental animals because it was 
possible to house them in the departmental rat 
colony and feed them a standard diet of known 
composition Accordingly, normal and depan- 
creatized rats weie the animals used in the sub- 
sequent expel iments The care and feeding of 
these animals and the collection of urine have 
alieady been desciibed under “Methods” 

It has been pointed out that fraction B and 
livei extract no 1 were the tvo extracts found 
to be highly potent These were very similar, 
and since liver extract no 1 was somewhat the 
moie active of the two and a larger quantity 
of it was available, it vas decided to use that 


prepaiation in the lemaindei of the expeiimcnt- 
In the work to be leported in the rest of this 
paper, theiefoie, livei extiact no 1 is the exit act 
used unless specific mention ib made to the 
conti ary 

Both subcutaneous and mtiapeiitoiieal injec- 
tions weie used The foimer fiequcnth caused 
a supeificial ulcei at the site of an injection 
fuithermore, it was sometimes possible foi a 
significant poition of the dose administered to 
be extruded aftei its injection Intiaperitoncal 
injections weie moi e -"satisfactoi } on the vhoU 
they had the disad\ antage, howevei, of v'cea 
sionally lesulting m a fatal accident Injection 
were usually made between 10 and 11 o’doi k 
in the moining undei the same conditions tinm 
da} to da} 

Studies on Glycosuua Pioduccd by Lit'. < 
Extiact — Daily deteiminations of uiinan <k \ 
tiose weie made on three types of expeiinieiii il 
animals undei the influence of active piepaiatior- 
of liver extract The effects of vaiious lt\(! 
of dosage and of food intake weie studied 

Chait 2 shows the dextiose excretion ut .i 
1101 mal lat having fiee access to food and watei 
over a peiiod of foit} days Seveial dose Iciels 
of “fiaction B” weie used and on seitial occa- 
sions the animal was given an injection of dex- 
trose solution The giaph illustiates a some- 
what moie uniform i espouse than was usualh 
obtained but is othenvise t}]5ical It is seen 
that the animal excreted significant amounts of 
dextiose only w^hen guen injections of luei 
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Chart 2 — Excretion of dextrose In a rorina! nr*’'. 
rat weighing 400 Gm , on a standard diet, guen inufl.o 
of an actne li\er extract 


extiact and that the amou.it cxcreUd na*- jin- 
poitional to the dose of the extract adi’iim^ttrc . 
The thieshold dose was found to be 0 2"' rr 
per hundred grains of bod} weight 130 ng o 
dextrose was excreted at that 'ci el itb a 
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dose of 0 5 cc per hundred grams, the urinary 
excretion rose to about 210 mg , and on one 
occasion, when 1 cc per hundred grams was 
administered, 420 mg of dextrose appeared in 
the urine Injection of dextiose solution, alone 
or with liver extract, had no effect on urinary 
dextrose 

In other experiments with normal animals it 
was found that the excretion of dextrose occurred 
m the first six hours after administration of 
liver extract Glycosuria was diminished but 
not abolished ivhen liver extract ivas adminis- 
tered in the fasting state Injection of liver 
extract in conjunction with feeding of dextrose 
solution by stomach tube caused a twofold to 
threefold increase in urinary dextrose, this in- 
teresting experiment will be discussed later 
Feeding of dextrose alone caused no glyco- 
suria 

Trvo rats rvith “latent diabetes” were avail- 
able These were partially depancreatized ani- 
mals that manifested no glycosuria normally, but 
were susceptible to the “diabetogenic”-horinone 
of the anterior lobe of the pituitary gland These 
animals behaved in general like normal rats 
toward one or two doses of liver extract, al- 
though they were somewhat more sensitive to 
its action, excreting 30 to 50 per cent more 
dextrose than normal rats receiving the same 
dose It was noted, hoivever, that administra- 


Table 3 — Effect of Lwer Extract and Anterior Pttm- 
tary Evttact on Two Paiitally Depancreatized Rats 




Urinary Dextrose, 

Animal Injection 

Mg 


S4 

Foreperiod 

Saline anterior pituitary extract 

0 



0 5 cc /lOO Gm on 2 successive 
days 

2d day 

250 


DEI 




0 5 cc /lOO Gm 1 1 dose 

Average 

160 


0 5 cc /lOO Gm , 6 daily doses 

Average, 6th day 180 

T128 

Foreperiod 

Saline anterior pituitary extract 

0 



0 5 cc /lOO Gm , 1 dose 


210 


0 5 cc /lOO Gm , 2 daily doses 
LEI 

2d day 

550 


0 5 cc /lOO Gm , 1 dose 

Average 

ICO 


0 6 cc /lOO Gm , 5 daily doses 

Average, 5th day 230 


0 5 cc /lOO Gm , 9 daily doses 

9th day 

690 


No injection 

lOth day 

220 


No injection 

11th day 

100 


tion of liver extract over a period of days caused 
a general increase in the glycosuria produced 
by a given dose , and in one animal a “diabetic” 
state was produced which persisted for two days 
after the last injection These findings are re- 
ported m table 3 

Finally, the effect of liver extract on the dex- 
trose excretion of a spontaneously diabetic ani- 
mal was studied Y-125, a depancreatized rat 


about 2 years old, was followed for two hundred 
and fifty days, receiving injections of liver ex- 
tract at various intervals during that time 
Chart 3 shows this animal's weight, food intake 
and urinary dextrose, and the ratio of urinary 
dextrose to total available dietary dextrose over 
this period, in average values for five day periods 
It is seen that although the correspondence is 
not exact, in general the peak levels of urinary 

1025 




1 ^0 io 40 

t9rioi0 


Chart 3 — Data on a diabetic rat given injections of 
active liver extracts Weight, food intake, total dextrose 
excreted and dextrose excretion as percentage of avail- 
able dietary dextrose were charted for 210 days in five 
day averages UD/DD % — 

Dextrose in urine X 100 

Carbohydrate m diet 60% o£ protein 10% of fat 
APE indicates a single injection of saline extract of 
anterior pituitary, 0 5 cc per hundred grams of body 
weight 

dextrose weie attained during or shortly after 
administration of liver extract The ratio of 
urinary dextrose to total available dietary dex- 
trose (available dietary dextrose — carbohydrate 
plus 60 per cent of protein plus 10 per cent of 
fat), a better index of severity of the diabetic 
state, shows an even closer relation than the 
other factors to injections of liver extract It 
IS seen, however, that there is no correlation 
between the output of dextrose and the dose of 
liver extract, in fact, the greatest concentration 
of the diabetic state of this animal occurred at 
a time when it was receiving small doses of 
extract every other day 

The intensity of the effect produced in this 
animal is best gaged by examining its previous 
record During the month preceding the start 
of this experiment, its average daily output of 
dextrose was 402 Gm Injection of a saline 
extract of the anterior lobe of the pituitary 
increased the excretion of dextrose from 43 to 
5 1 Gm The highest single day’s output at any 
time previous to the injections of liver extract 
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was 5S Gm In the coiiise of the expenment, 
hoM evGi , an output of 7 5 Gm was attained 
on thiee occasions It is not fan, of couise, to 
compare the effect pioduced by continued ad- 
ministration of liver extract with that obtained 
b) only one dose of anteiioi pituitary extiact, 
It IS obvious, how c\ er, that this animal’s diabetic 
state was at least as readily accentuated by liver 
as by pituitai) extract 

Effect oj Livc) Ext} act on Blood Sugo) oj 
N 01 mol Animals — It was found that intrapeii- 
loneal injection of hvei extract caused a remaik- 
ablc use in blood sugar in fasting animals Fig- 
ure 4 contains two of the blood sugai ciuves 




Chart 4 — ^Response of normal fasting rats to injections 
of liver e'wtract Tlie control received 1 5 cc of 14 per 
cent dextrose solution 


and IS typical of the results obtained S 5 and 
S 6 w'ere normal female rats wdnch were made 
to fast foi thirty hours and weie given injections 
of 0 67 cc of liver extract no 1 per hundred 
grams of body weight Control cuives represent 
the same rats given injections of 14 per cent 
dextrose solution under similai conditions 
Table 4 presents the data obtained in the ex- 
peiiments on fasting noimal rats given injections 
of liver extract The blood sugar curves in 
chart 4 were compared with curves obtained 
after injection of 14 per cent dextrose solution 
This procedure is valid only if the reducing 
power of the liver extract is due to dextrose, or 


to something readily metabolized to dextrose in 
the body It is conceivable that the extract may 
contain a nondextiose reducing substance which 
is not rapidly disposed of by the organism and 
which wmuld thei efoi e persistently give false high 
values for blood sugar, this possibility was not 
1 igoi ously excluded by the analysis of the extract 


Table 4 — Effect of Lxvci Extiact on Fasting Blood 
Sugai ^of Noimal Rais'" 


Time 

Blood Sugar 
Values, Mg 
per lOO Cc 

Average 

No of 
Ohserva 
tions 

21 SG hour fiieting 

S7, 70, 5S, 75, 07, 
105, 00, 85, 70, 07, 
81, 02, 01, 10, 10 

72 

15 

lA: hour after injcc 
tlon of I, E 1 

200, 170, 150, 218, 
107, 170, 130, 115 

ICO 

8 

1 hour after injection 

173, 181, 230, 200 

107 

4 

2 hours niter injection 

1S2, 205, 258, 200 

211 

4 

•1 hour' after Injection 

210 , no 

190 

2 


* Intrapentonenl injection, usually 0 67 cc of liver extract 
no 1 per hundred Eraiiis of bod\ weight 


•\ccoidingly the follownng experiment was per- 
foi med 

A fasting animal w^as given an injection of 
liver extract One houi later a lethal dose of 
insulin was administered and blood sugar values 
w^ere obtained at intervals until the animal’s 
death If the high figuies recorded in table 4 were 
due to a nondextrose reducing substance which 
persists in the rat’s blood stieam for several 
houis, the animal should have a relatively high 
blood "sugar” even though in insulin shock 
If, on the other hand, these figures actually 
lepresented dextrose, the blood sugar reading 
should be extremely low^ at death This experi- 
ment IS recorded m table 5 It is seen that 


Table 5 — Effect of Insulin on the Rise in Fasting Blood 
Sugai Caused by Liver E vti act 


Tune, 


Blood Sugar, 

Hours 

Injection 

Comment Mg 

per 100 Cc 

0 


Pasted 12 hours 

40 

0 

0 67 cc L E 1/100 Gm 



1 

7 units insuiin/lOO Gm 


131 

1% 



76 

2 


Animal drowsy 

61 

2% 


Mild ataxia 

41 

3 


Tremors 

10 

4 

1 Gm dextrose 

Comatose 

0 

5 


Roused slightly. 

10 



died 



rat S 5 succumbed with a blood sugar of 0, 
effectively excluding the presence of any reduc- 
ing substance in the blood stream Therefore, 
even if there is a noncarbohydrate reducing sub- 
stance in the liver extract, it is not found in the 
blood of the experimental animal several hours 
after the injection 
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In the course of some of the experiments to 
be reported an opportunity was afYorded to 
examine the effect of inti aperitoneal injection of 
liver extract on noimal rats in the absoiptive 
state As might be expected, the blood sugar 
curves were similai to those obtained for fasting 
animals, but the levels of dextrose were con- 
siderably higher, reaching 425 and 350 mg per 
hundred cubic centimeters in the two curves 
obtained These figuies aie' shown in table 6 


Table 6 — Effect of Lwei Extiact on the Caibohydratc 
Sto>es of Noimal Rats* 


Ani- 

mal 


Liver 

Glyco 

gen, 

% 

Muscle 

Glyco 

gen, 

% 

Blood 

Sugar, 

Mg per 
100 Cc 

S9 

Control, injection of de\ 
trose every 4 hours for 

24 hours 

134 

0 59 

115 

SB 

Injection of dextrose every 

4 hours for 12 hours, then 
LEI every 4 hours for 

12 hours 

05 

00 

140 

SIO 

Same as S 8 

0 52 

0 30 

70 

Sll 

Control, dextrose feeding 
plus injection of dextrose 
every 4 hours for 24 hours 

GO 

134 

130 

S12 

SIS 

S14 

Dextrose feeding plus in 
jeetion of dextrose every 

4 hours for 12 hours, then 
dextrose feeding plus L E 

1 every 4 hours 

Died 17th hour 

Died 17th hour 

0 33 

Died 20th hour 

14th hr 320 
loth hr 300 
20th hr 425 

S16 

Dextrose feeding, L E 1 at 

4 hours, killed at 7 hours 

2 00 

0 54 

230 ? 


Control (Con Con 

(5 0) 

(0 55) 

(113) 

S17 

LEI, dextrose feeding 1 98 

at % hour, killed at 4% hours 

0 42 

0 40 

%hr 118 

Ihr 139 

2 hr 270 

3% hr 350 

4% hr 350 


Control (Katzin ®) 

(4 0) 

(0 78) 

(114) 


Control (Ferguson =») 

(31) 

(0C8) 

(147) 


» All the animals were made to fast for twenty four hours 
before the beBinmng of the experiment Liver extract 1 and 
14 per cent dextrose solution were given m doses of 0 07 cc per 
hundred grams of body weight, the dextrose feeding was 720 
mg per hundred grams 


Effect of Ltvet E^hact on Caihohydrate 
Stotes of Noimal Rats — ^The effect of repeated 
injections of liver extract on muscle and liver 
glycogen of fasting rats was studied as follows 
Three rats were made to fast for twenty-four 
hours They were then placed in metabolism 
cages, and urine was collected for twelve hours, 
during which time each rat received three injec- 
tions of 0 67 cc of 14 per cent dextrose solution 
per hundred grams of body weight (This was 
done to obtain control values for studies of nitro- 
gen balance, to be reported ) In the course of 
the next twelve hours, when second specimens 
of urine were being obtained, 2 animals received 
3 injections of 0 67 cc of liver extract no 1 per 
hundred grams of body weight, while the third, a 
control, continued to receive the dextrose solu- 


tion At the end of the second twelve hours 
the animals were put to death, and values for 
blood sugar and for muscle and liver glycogen 
were determined 

The results are reported in table 6 It will 
be noted that there is a definite decrease in li-ver 
glycogen m the experimental animals , no con- 
clusions can be drawn about muscle glycogen 
The figure for liver glycogen of the control is 
highei than is oidinarily reported for fasting 
animals, but it must be remembered that this 
rat received dextrose every four hours 

It w'as attempted next to study the effect of 
lepeated injections of liver extract on carbohy- 
di ate stores of fed animals, in the same manner ' 
Accoidingly, 4 rats were made to fast for twenty- 
four hours , then for twelve hours they were 
fed 720 mg of dextrose per hundred grams of 
bod)' weight every fotii hours (average maxi- 
mum absorption of dextrose foi this strain of 
rat) and given thiee injections of 0 67 cc of 
14 pel cent dextrose solution per hundred grams 
At the end of this period, 1 animal, a contiol, 
continued to receive dextrose orally and by injec- 
tion, while the others w'ere fed dextrose but given 
injections of 0 67 cc of liver extiact no 1 per 
hundred grams of body w'eight It was noticed 
that the experimental animals, w'hich had hitherto 
tolerated the procedure well, became listless and 
w'eak, wutli poor muscle tone and depressed re- 
activity The second feeding of dextiose and 
injection of liver extract intensified this state, 
in no case did an animal survive two injections 
However, death was anticipated in the case of 
1 animal and a determination of liver glycogen 
and blood sugar was made before it succumbed , 
a sample of muscle could not be obtained rapidly 
enough, unfortunately The value for liver 
glycogen was 0 33 per cent, as against 6 0 per 
cent for the control animal 

The determinations of liver and muscle gly- 
cogen were made on animals that had fasted 
for twenty-four hours and leceived a single feed- 
ing of dextrose and one injection of liver extract 
No controls were used, but one of the experi- 
ments was planned to duplicate the conditions 
under which Con and Con studied the effect 
of epinephrine on carbohydrate stores in the 
postabsorptive state , the other simulated the 
experimental conditions under which Katzin^® 

15 Con, C F, and Con, G T The Mechanism 
of Epinephrine Action II The Influence of Epinephrine 
and Insulin on the Carbohydrate Metabolism of Rats in 
the Postabsorptive State, J Biol Chem 79 321, 1928 

16 Katzin, R The Role of the Adrenal Cortex in 
Carbohydrate Metabolism, Thesis, Yale University, 1940 
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and Ferguson^' obtained noimal values in the 
strain of rat used in this study 

In the fiist cxpeiiment, a fasting rat was 
fed 720 nig of dcxtiose pci hundied giams 
At the end of a foui houi absoiption period, 
the animal ^^as given an injection of 0 67 cc 
of liver cxti act no 1 pei hundi ed grams Thiee 
hours later it A\as killed, and hvei and muscle 
gh cogen \icic detei mined The value foi mus- 
cle gheogen, 0 54 pei cent, checked well with 
Con and Con’s figuies for control animals, but 
that foi liver glycogen, 2 0 pei cent, was dis- 
tinctly loN\ ei than then ^ alue, of 5 0 per cent 
In the second expenment, a fasting rat nas 
given an injection of 0 67 cc of liver extract 
no 1 per hundied grams of body n eight and 
one-half houi latei fed 720 mg of dcxtiose per 


period mine was collected (the bladders were 
expressed at the beginning and at the end of 
the twelve hours) and the animals were given 
injections of 0 67 cc of 14 pei cent dextrose 
solution per hundred grams of body weight 
e\eiy four houis At the conclusion of this 
contiol study, a second collection of urine over 
t\\elve houis was made, and the 2 expenmental 
animals were given an injection of 0 67 cc of 
hvei extract no 1 per hundred grams every 
four hours, while the control continued to receive 
dextiose Thus 1 animal serAed as a control 
ovei the nitrogen excretion of the two twelve 
hour periods, whereas each experimental animal 
seived as its own control duimg the foreperiod 
of twelve houis The findings are reported in 
table 7 It was not expected that accurate 


Table 7 — Uiiuaiy Eictciion of Nttiogcn Uudet the Influence of Lwer Evtiact 
(Pi chniuwi y Fast of Tivcnty-Four Hours) 


A-nimnl 

rir't 12 Hours 

Urinnrj 

Mtrogen, 

Me 

Urinnry 

Mtroecn, 

Mg per 
Hour per 

100 Qm 

Second 12 Uours 

Urinnrj 

Xitrogen, 

Mg 

Urinary 
Nitrogen, 
Mg per 
Hour Tier 
100 Gm 

Nitrogen 
Deficit,* 
Mg per 
Hour per 
100 Gm 

S 9 

0 CT cc 14 per cent dc\- 
troEo solution pt 100 Gm 
every 4 hour« 

5S 

30 

0C7CC 11 per cent dc\ 
troso solution per 100 Gm 
Cl cry 4 hours 

Si 

28 

02 

ss 

Snme ns S 9 

SO 

34 

0 C7 cc L E 1 per 100 

Gm cicrj 4 hours 

IOC 

4 5 

25 ' 

sio 

Snmc n® S 0 

48 

28 

Same ns S 8 

100 

58 

06 

Sll 

720 me dextrose solu 
tion per 100 Gm 
even 4 hours 

33 

1 4 

720 mg dextrose per 100 
Gm plus 0 67 cc 14% dex 
troEC solution per 100 Gm 
every 4 hours 

43 

18 

Excess of 0 4 

S 32 

Snme ns S 11 

CO 

1 G 

720 mg dextrose per lOO 
Gm plus 0 67 cc L E 1 
per 100 Gm every 4 hours, 
died 5th hour 

28 

27 

18* 

S13 

Snmc ns S 11 

C2 

27 

Same as S 12, died 6th 
hour 

24 

28 

2 8* 

S14 

Snme ns S 11 

91 

3 5 

Snme ns S 12, died at 

S hours 

50 

29 

4 2 


* Mtropen deficit = nltTogcn excretion first 12 hours plus nitrogen in extract injected minus nitrogen excretion second 12 
lourc The second injection was neglected in the ca'c ot S12 and S 13, becauso death occurred shortly afterward 


hundred grams by stomach tube At the end 
□f four hours, the liver glycogen was 2 0 per 
cent and the muscle glycogen 0 42 per cent 
In this case both muscle and liver glycogen are 
lowei than Katzm’s and Ferguson’s figuies for 
the normal rat under these conditions It is 
noteworthy that the animal’s blood sugar lose 
to 350 mg per hundred cubic centimeteis 

Effect of Live) Extinct on Nitiogen Balance 
— Studies of urinary nitrogen weie peifoimed 
to discover whether administi ation of livei ex- 
tract caused any significant gluconeogenesis in 
addition to a mobilization of carbohydrate stores 
Three normal rats were made to fast for twenty- 
four hours, m preparation for the first experi- 
mental period of twelve hours During this 

17 Ferguson, J F, Jr The Role of the Thyroid 
Gland in Carbohydrate Metabolism, Thesis, Yale Uni- 
versity, 1940 


quantitative data would be obtained m this ex- 
pel iment, because of the relatively large amounts 
of nitrogen administered m the extract How- 
evei, it was felt that a significant gluconeogene- 
sis should be revealed through the presence in 
the urine of excess nitrogen above that injected 
m the extract This did not occur, m fact, a 
deficit of nitrogen was noted This does not 
exclude the occuiience of gluconeogenesis, of 
course, since there is no evidence that the nitro- 
gen in the extiact is rapidly excreted 

It was hoped to throw fmthei light on this 
question by repeating the experiment with dex- 
trose-fed instead of fasting animals In these 
cii cumstances gluconeogenesis would presumably 
be less likely to occur Excess nitrogen found 
m the urine could then be taken as a rough 
measure of the excretion of nitrogen adminis- 
tered in the extract Accordingly, an expen- 
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ment which has already been described was 
undertaken Four animals after a preliminary 
test of twenty-foui hours were fed 720 mg of 
dextrose per hundred grams of body weight every 
four hours and given an injection of 0 67 cc 
of 14 per cent dextrose solution per hundred 
grams every four hours, for twelve hours The 
control animal continued to receive dextrose for 
the next twelve hours, whereas the experimental 
animals were fed dextrose but received injections 
of liver extract However, as has already been 
leported, all the experimental rats went rapidly 
downhill and died after the second injection 
Under these circumstances it is highly doubtful 
whether urinary excretion of nitrogen would have 
any validity as a control for the preceding ex- 
periment The figures obtained are reported m 
table 7, although no conclusions are drawn from 
the data 


Table 8 — Effect of Livet Extiact on the Respttatojy 
Quotient of Noimal and of Diabetic Rats 







R Q. 



R Q , 

R Q, 


Dextrose 



Fasting, 

Fasting, 


Feeding, 



Injections Injections 

R Q, 

Injections 


RQ, 

of 

of Liver 

Dextrose 

of Liver 

Animal Fasting 

Dextrose 

Extract 

Feeding 

Extract 

formal 






S 21 

0 72 





S23 

073 



080 

092 





087 

091 


0 73 



0 79 


S22 

0 74 





S6 

073 

0 75 

083 

079 

0 91 


074 



0 87 


S5 

0 73 

0 75 

0 79 

0 87 






0 87 

0 92 

Average 






normal 

0 73 

0 75 

0 81 

085 

0 92 

Depancreatlsed 





T128 

0 75 



0 79 

0 75 


0 74 



0 72 


■ri25 

0 73 



0 73 



0 70 



0 72 

0 74 

Average, de 






pancreatized 

0 73 



0 74 

0 75 


Dextrose feeding-, 800 mg per hundred grams of body weight 
of rat Injections, 0 67 cc of liver extract no 1 or 14 per cent 
dextrose solution per hundred grams of body -weight 


Effect of Lwer Exhact on Respiratory Quo- 
tients — ^Respiratory quotients of rats under the 
influence of liver extract were determined in 
the fasting state and during absorption of dex- 
trose The Haldane open circuit apparatus was 
used, as described under “Methods ” In all trials 
rats were made to fast for twenty-four to thirty 
hours before the beginning of the experiment 
Determinations were started one hour after feed- 
ings of dextrose and one-half hour after injec- 
tions of liver extract or 14 per cent dextrose 
solution , they lasted two hours s The results are 
reported in table 8 It is seen that liver extract 
was capable of raising the respiratory quotient 


of normal animals in eithei the fasting or the 
fed state but that there was no significant effect 
on the respiratory quotient of diabetic rats The 
significance of these findings will be discussed 
later 

Some Pioperties of the Active Pimciple — 
Active liver extract w^as administered orally to 
mice and rats A glycosunc response was ob- 
tained m both groups of animals An effective 
dose for administration by stomach tube in the 
rat was about three times tliat which would 
produce an equivalent response if given par- 
enteially, no quantitative data w^eie obtained 
on mice 

The effect of heat on the activity of the extract 
wars next investigated It was found that neither 
of the two potent fractions lost any significant 
proportion of their activity on being maintained 
at 100 C for thirty minutes 

To study the effect of pu on the activity of 
the livei extract, sulfuric acid and sodium hy- 
droxide were added to twm samples of liver 
extract no 1, so that one sample contained 8 per 
cent acid by weight and the other 5 per cent 
alkali The two solutions were then placed in 
a steam bath foi fifteen minutes After cooling, 
lemoval of the SO 4 10ns and adjustment to 
neutrality, the twm samples were compared in 
activity, the precautions outlined in the discus- 
sion of biologic assays being observed It was 
found that the sample which had been incubated 
with acid was as active as before, while the one 
incubated with alkali had lost 40 per cent of 
its activity 

The active material was soluble in 60 per cent 
alcohol and w^as completely precipitated by 90 
to 95 per cent alcohol Its solubility in isopropyl 
alcohol was similar, but lower concentrations of 
this solvent served to cause precipitation Cen- 
trifugation after such precipitations yielded a 
clear, deeply colored syrup of about one-fifth the 
volume of the original sample None of the 
active principle was extracted from aqueous 
solution by butyl alcohol, acetone, chloroform or 
ether The active material dialyzed somewhat 
slowdy but complete^ through cellophane mem- 
branes 

Attempts at Fractionation of the Extiact and 
Pm ificatiou of the Active Pimciple ^Although 
it was not expected that isolation of the active 
factor could be achieved in the time available, 
several attempts were made at fractionation of 
the extract This was done for two reasons 
First of all, the extract used was highly hyper- 
tonic and obviously irritating when injected, 
removal of inactive material would undoubtedly 
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pioduce a less h}pei tonic and probably a less 
iiritating extract Also, if it weie possible either 
to separate the active piinciple fiom the i educ- 
ing substance in the extiact or to piove that 
the two ere identical, problems of experimental 
technic, of interpi etation and of assay and even- 
tual purification of the active mateiial would 
be made much simpler 

It Mas soon found that dialysis M'as of no 
assistance The extract used was almost com- 
pletely dialyzable Fractional dialysis was at- 
tended Muth no success m separating the various 
components of the extract although theoi eticall}' 
this seeemed an attractive tool 

Neither acid nor alkali piecipitated any portion 
of the extiact Saturation noth ammonium sul- 
fate had no effect Addition of the common 
organic solvents resulted m complete solubility, 
complete insolubility oi uniform precipitation of 
the extract as the percentage of M'ater in the 
solution decreased When precipitation Muth 
ethvl alcohol M'as 50 per cent complete, activity 
and reducing power Mere found in both frac- 
tions Recourse Mas next to various “precipi- 
tants ” Addition to ti mitrophenol had no effect 
Tannic acid produced a small amount of precipi- 
tate Lead, mercury and silver were found 
capable of precipitating large amounts of the 
material in the extract Of these, mercury was 
somendiat capricious in its action , silver nitrate 
seemed to precipitate almost all the solid in 
the extract, while basic lead acetate removed 
about half of the solid material 

It was impossible to test biologically all the 
fractions prepaied The lead separation was 
therefore selected for trial, as it seemed cer- 
tain that whichever fraction proved active, a 
tM’ofold purification would have been achieved 
This proved to be the case The lead precipi- 
tate was regenerated by dissolving in nitric acid, 
removing lead with sulfate, and adjusting to neu- 
trality, it was found to be inactive and to con- 
tain only a trace of reducing material The 
lead filtrate, on the other hand, retained prac- 
tically all of the activity and reducing power of 
the original extract 

The phosphotungstic acid piecipitation that 
Cohn and associates^® found so useful in pre- 
paring pure preparations of the aiitianemic fac- 
tor was now applied to the lead filtrate This 
M'as acidified with sulfuric acid (to 5 per cent 
b}^ weight), and 20 per cent phosphotungstic 
acid was added until precipitation was complete 
The phosphotungstic precipitate was found di- 

18 Cohn, E J, and others The Nature of the 
Jklaterial in Liver Effective in Pernicious Anemia, 
J Biol Chem 77 325, 1928 


visible into alcohol-soluble, acetone-soluble and 
insoluble fractions Material precipitated as 
phosphotungstate was regenerated with an excess 
of 20 per cent barium hydroxide, which removed 
phosphotungstate by precipitation as the barium 
salt Injectable solutions of the vaiious frac- 
tions obtained in this sepaiation were prepared 
by precipitating toxic substances (phosphotung- 
state with barium, barium with sulfate) and 
adjusting to neutrality 

When the fractions obtained were tested bio- 
logically, in normal rats previously standardized 
with hvei extiact no 1, it was found that a 
considerable loss of activity had occurred during 
the separation Neither the regenerated phos- 
photungstate precipitate nor any of its fractions 
were active The phosphotungstate filtrate was 


Table 9 — Fiachomtion of Active Liver Extiact 





Reducing 


Fraction 


' Description 

Power * 

Activity 

1. E no 1 

1 

Control, Lnown activity 

•V-h + 4* 

+++-^ 

3 

4 


Samples taken at various 1 

+++ 

+++ 

5 


stages m the dialysis of ^ 

to 

to 

C 

j 

I liver extract no 1 J 

+ -1- + 4- 


IC 

3 

L E no 1 in S0% alcohol, 




precipitate 

+ + + + 


17 

L E no 1 in alcohol, 

supernatant 

+ + + + 

++++ 

19 

Filtrate after treatment of 

1/ K no 1 'With basic lead 
acetate 

+ + + + 

+ + + + 

23 

Regenerated basic lead ace 
tate precipitate 

+ 

± 

27 

3 

L E no 19 treated with 




phosphotungstic acid, regen 
crated precipitate 

+ 

0 

31 

I, E no 19 treated with 
phosphotungstic acid, filtrate 

+ + + 

++ 

40 

L E no 31 in 60% alcohol, 
filtrate 

+ + + 


42 

3 

[/ E no 40 in 90% alcohol. 




precipitate 

+ + 



* Correction is made for dliutlon undergone In the course 
of the fractionation 


active, but only wealdy so Most of the reducing 
material remained in the filtrate, theie was some 
loss of this also 

The phosphotungstate filtrate was further puri- 
fied by* adding an equal volume of absolute 
alcohol and discarding the precipitate obtained, 
and then adding more alcohol until a 90 per cent 
alcohol mixture was obtained On centrifuga- 
tion, a small amount of clear golden liquid was 
obtained This was dissolved in water and found 
to be active Unfortunately, enough of this 
material was not available for quantitative estima- 
tion of reducing power From the qualitative 
test, however, it seemed that, although there was 
some reduction, it was considerably less than 
usually obtained with this degree of activity 

Table 9 summarizes the positive results ob- 
tained in these attempts at fractionation of the 
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extract Under "description” are listed only the 
definitive steps of the fractionation Fractions 
were of course fieed of toxic material and re- 
duced to neutral aqueous solution befoie injec- 
tion Correction is made for the effects of 
simple dilution 

Pathologic Studies — ^All animals used in this 
study were subjected to autopsy, either after 
natural death or at the conclusion of an. experi- 
ment No constant pathologic change was seen 

Sections of thyroid, heart, lung, spleen, kidney, 
adrenal and testis were taken from representa- 
tive animals Except for occasional pneumonic 
infiltration, no deviation from the normal micro- 
scopic appearance of these tissues was noted 

COMMENT 

Glycosuiia, Hypei glycemm and Glycogenolysis 
— It has been definitely established that injection 
ot liver extract into normal rats causes glyco- 
suria, hyperglycemia and a fall in the level of 
liver glycogen The gljcosuria is undoubtedly 
a reflection of the hyperglycemia, it is confined 
to the first few hours after the injection, when 
the blood dextrose is above the lenal threshold. 
It IS not excessive in amount 

A categorical explanation of the hypei gly- 
cemia is a little more difficult Several factors 
may play a role in the production of this 
phenomenon There is no doubt that the con- 
comitant breakdown of liver glycogen accounts 
for an important share of the increased blood 
dextrose, especially m the postabsorptive state 
This is not enough, however, for discharge of 
all the liver glycogen in a fasting rat would not 
produce enough dextrose to raise the concen- 
tration m the body fluids to the levels found 
Two other intrinsic sources of dextrose are 
available to the rat, one extrinsic source is un- 
willingly supplied him It can be shown that 
in the fasting rat maximal discharge of liver 
glycogen plus utilization of all the carbohydrate 
supplied in the liver extract is still not enough 
to account for the dextrose produced Either 
gluconeogenesis or discharge of muscle glycogen 
must be postulated 

Carbohydrate balances have not been repoited 
in this study because the differences m the muscle 
glycogen values obtained are not statistically 
significant It is possible, however, by making 
an approximate balance sheet, to account for the 
dextrose mobilized by assuming a breakdown 
of muscle glycogen in addition to utilization of 
injected carbohydrate and mobilization of liver 
glycogen This is entirely m accord with the 


experimental data, for some decrease in muscle 
glycogen was actually observed It can be stated, 
then, that at least in some animals liver extract 
produces a breakdown of both muscle and livei 
glycogen 

Gluconeogenesis — No evidence has been ob- 
tained that liver extiact stimulates gluconeo- 
genesis , all the experimental results can be 
explained without assuming this phenomenon 
On the other hand, it has not been demonstrated 
that gluconeogenesis does not occur Clarifica- 
tion of this issue must await at least partial 
purification of the liver extract and accumulation 
of fuither data on muscle glycogen 

Ability of the Tissues to Metabolize Dexfiosc 
— It has been demonstrated that administration 
of liver extiact causes a rise in the respirator} 
quotient of normal animals This is prima facie 
evidence that the ability of the tissues to metabo- 
lize dextrose is not impaired It is possible 
however, to obtain high respiratory quotients b} 
another mechanism — through the production ot 
an acidosis with blowing off of the carbon 
dioxide 

If the action of liver extract were through 
a shift in bicaibonate balance of the blood, eithei 
because of the liberation of lactic acid or as a 
result of some other factor, an effect should be 
observed in diabetic as well as in normal ani- 
mals This was not the case On correction of 
the values obtained by subtracting the 0 01 in- 
ciease m respiratory quotient noted in depan- 
creatized rats, it is found that administration of 
liver extract caused a rise in respiratory quotient 
of 0 05 m fasting and of 0 06 m dextrose-fed 
normal animals These increases are significant 

It IS seen, therefore, that the respiratory quo- 
tients of rats unable to metabolize dextrose did 
not change, while the respiratory quotients of 
normal rats increased under administration of 
liver extract It must, then, be concluded that 
liver extiact does not affect (adversely at least) 
the ability of the tissues to metabolize dextrose 
It IS likely that the increased combustion of dex- 
trose noted in the normal rats is simply an ex- 
pression of the law of mass action, since dextrose 
levels in their body fluids were markedly in- 
ci eased 

Mechanism of Action — The problem now re- 
mains of the mechanism through which the action 
of liver extract takes place It has already been 
pointed out that there is no diminution of the 
ability of the tissues to metabolize carbohydrate 
and that the effects observed can be accounted 
for by a discharge of liver and muscle glycogen 
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This ma} take place as a lesult of one oi more 
of the following possibilities 

(a) The livei extiact used may contain some 
toxic substance uhich aflects in an unphysiologic 
mannei the glycogen sloiehouse of the body 
An example of this type of action is the dis- 
tiubance of caiboh^diate metabolism occasionally 
tound in calaiihal laundice 

(h) The liver extiact ma} contain oi stimulate 
the lelease of some substance known to affect cai- 
bolndiate metabolism “physiologically” Thus, 
many chemicals (e g, moiphine) pioduce h}- 
perglycemia thiough stimulation of the adienal 
medulla 

(c) The extiact ma} contain oi stimulate the 
lelease of some acme substance not hitheito 
known to affect caiboh}diatc metabolism 

The fust of these possibilities seems unlikety, 
toi if a toxin ueie being fiequcntl} administered 
It js piobable that the oiganism would leact 
eithei b} dei eloping an antibod} to the foieign 
material oi b} giadualh succumbing to its in- 
fluence and manifesting signs of piogiessive 
toxicit} Furtheimoie, damage to the tissues 
nnolved might be demonstiablc mici oscopically 
Howeiei this is not the case Several animals 
were gnen repeated injections of Inei extiact 
foi periods up to tv\o hundied days (one quaitei 
of their life span) without shownng any alteia- 
tion in the i espouse to the extiact or any sign 
of ill health Fuithermoie, no constant his- 
tologic change could be found 

The second possibihl} is a much moie piob- 
able one Most diugs pioducmg hypei glycemia 
do so through a stimulation of the adienal me- 
dulla How^ever, theie aie ceitain impoitant dif- 
feiences betw^een the action of hvei extiact and 
that of epmephime Con and Con, aftei a 
thorough study of the action of epmephime on 
carbohydrate metabolism,^® concluded that the 
effects of that substance aie due to a deciease 
in the utilization of caibohydiate by the tissues 
and a marked breakdown of muscle glycogen to 
lactic acid They found that, although liver gly- 
cogen diminishes m the ffist fifteen minutes after 

19 Con C F , and Con, G T The Mechanism of 
Epinephrine Action I Tlie Influence of Epinephrine 
on the Carbohydrate Metabolism of Fasting Rats, with 
a Note on New Formation on Carbohydrates, J Biol 
Chem 79 309, 1928, II The Mechanism of Epinephrine 
Action The Influence of Epinephrine and Insulin on 
the Carbohydrate Metabolism of Rats m the Postabsorp- 
tive State, ibid 79 321, 1928, III The Influence of 
Epinephrine on the Utilization of Absorbed Glucose, 
ibid 79 343, 1928, IV The Influence of Epinephrine 
on Lactic Acid Production and Blood Sugar Utilization, 
ibid 84 683, 1929, V Changes in Liver Glycogen and 
Blood Lactic Acid After Injection of Epinephrine and 
Insulin, ibid 86 375, 1930 


an injection of epinephrine, the rate of glyco- 
genosis fiom lactic acid soon exceeds the late of 
hepatic glycogenolysis, so that liver glycogen is 
noimal at the end of one hour and considerably 
inci eased at the end of tin ee or four hours Liver 
extiact, on the other hand, has been shown not 
to decrease utilization of dextrose by the tissues, 
to cause onl} a modeiate decrease m muscle 
glycogen and to cause a striking decrease in 
livei glycogen thiee oi foui hours after injec- 
tion Fuitheimore, although Con and Con were 
able to pioduce a consideiable hyperglycemia m 
fasting labbits and in lats m the absoiptive state, 
they failed to do so in fasting rats 

Two points may be laised in question of the 
complete validity of the arguments just stated 
Fust, the subcutaneous injection of epinephrine 
in the Con experiments may not be entirely 
compaiable in its effects on glycogen stores to 
the constant stimulation of the adienal medulla 
that may be exerted by livei extiact This may 
be tbe case, although it seems somewhat impiob- 
able It IS difiicult to see how a difference in 
libeiation of epmephime could leverse an effect 
on the respiratoiy exchange Secondly, the 
failuie to obtain significant hyperglycemia in 
fasting lats given injections of epinephrine, 
as well as the mciease in livei glycogen noted, 
ma}^ be i elated to the dose used rathei than to 
any specific action of epmephime Again, this 
may be so, although it seems unlikely that a 
hoimone wdnch has a definite and well authen- 
ticated action on blood sugai and on caibohydiate 
stores should m these expeiiments be the mech- 
anism of an entii ely dissimhai effect And wLile 
it IS true that the lats tieated in this study weie 
not, stiictly, fasting animals, it is difficult to see 
how^ the admmisti ation of 93 mg of carbohydi ate 
pel hundied giams of body weight to an animal 
maintaining a respiratory quotient of 0 79 for 
seveial hours would explain a diffeience of 
130 mg per hundied cubic centimeters in blood 
sugar foui hours later 

It must be concluded, therefoi e, that the action 
of liver extiacts in these experiments is not 
similai to the action of epinephrine on carbo- 
hydi ate metabolism as described in the literatuie 
This conclusion is supported by the work of 
Buttner,^ who obtained a hyperglycemic response 
on injection of liver extract into adrenalectomized 
animals 

Repoits of substances other than epinephrine 
01 drugs acting through the adrenals which mo- 
bilize glycogen stores and pioduce a striking 
hypergycemia have not been encountered in a 
biief survey of the literature It is suggested, 
theiefore, that the actions reported in this stud} 
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aie due to a substance not hitherto known to 
affect carbohydrate metabolism and acting specifi- 
cally on the mechanisms of formation or break- 
down of glycogen It is hoped that futuie 
investigation will shed light on the physiologic 
processes involved 

Feeding oj De.%hose and Injection of Livei 
Exit act — Of 3 animals fed dextrose by stomach 
tube and given an injection of liver extiact and 
four hours latei again fed dextrose and given 
another injection of the extract, all died, 2 dui- 
mg the fifth houi and 1 during the ninth Ani- 
mals given repeated injections of liver extract 
but not fed remained well The rats that weie 
fed dextrose and given injections of the extract 
seemed well shortly aftei the first injection, 
when next seen, at the time of the second injec- 
tion, they were listless and flabby and not as 
reactive as usually Aftei the second feeding 
and injection they rapidly giew weakei and were 
latei found dead 

Autopsy of these rats levealed no evidence 
of peritonitis or any other consequence of an 
erroi in technic Unfortunately, histologic sec- 
tions weie not obtained Explanation of these 
moitalities will not be attempted until further 
studies are undertaken, but it is suggested that 
they may represent a fatal intensification of the 
disturbance in carbohydrate equilibrium which 
was pioduced by liver extract, similar perhaps 
(by analogy only) to the effect obtained by 
administering a large amount of carbohydrate to 
a diabetic patient in delicate equilibrium 

The Lraei Extiact — Some pi ogress has been 
made in fractionation of the liver extract, and it 
is hoped that a much purer preparation will 
be available foi futuie experiments The rela- 
tion between reducing power and biologic activity 
IS not entirely clear, if the activity of fraction 
42 IS confirmed it should be easy to demonstrate 


that the reducing substance and the glycogeno- 
lytic principle are separate entities The nature 
of the reducing substance has not been defimtely 
established , the formation of glucosazone and the 
resistance to fermentation indicate it to be fruc- 
tose or mannose It is hard to understand vhy 
either of these hexoses should be found m such 
concentrations in liver extract Of the tvo, 
fructose is more probable as a tissue constituent 

Fiitw e Investigation — ^It is obvious that many 
ot the pioblems discussed here will require fur- 
ther study Experimentation will be continued 
along the following lines 

1 Puiification of the glycogenolytic pnnciple 

2 Effect of liver extract on carbohydrate 
stores, with obtaining of enough data to make 
It possible to draw up a carbohydrate balance 
sheet 

3 Effect of liver extiact on the medullo- 
adrenalectomized animal 

4 Effect of liver extract on the lactic acid 
content of the blood 

SUMMARY AND CONCLUSIONS 

The existence in some liver extracts of a sub- 
stance, not identical with the antianemic factor, 
capable of producing glycogenolysis, hypergl)- 
cemia and glycosuria in the normal rat has been 
demonstrated It has been shown that this prin- 
ciple does not depress utilization of carbohydrate 
by the tissues and that its action is therefore 
not similar to that of epinephrine 

The glycogenolytic principle is water soluble, 
heat stable, and dialyzable through cellophane 
It IS not a protein It is less active when given 
by mouth than when introduced parenterally 
It IS resistant to acid, although it loses some 
activity m alkali A partial puiification has been 
accomplished 
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DUODENUM 

Divattcula — ^^Va^en and Emeiy review 
he literature on duodenal dneiticula and report 
1 study of 103 cases No typical symptomatol- 
)g\' was found Diveiticula in the first portion 
Df the duodenum aie usually of the false type, 
lockets associated in most instances with 
iuodenal ulcer, those in the second portion are 
jsuall} a true herniation of the mugosa through 
he muscular wall, a fan numbei of these con- 
ainmg inclusions of pancreatic tissue In 4 of 
he cases theie was evidence of inflammation 
.Mthin the sac In a fifth case the diveiticulum 
,vas surrounded by a phlegmonous inflammation , 
he patient died of a purulent meningitis, hepa- 
:itis and endocarditis, but the pathologist was 
mable to determine the lelationship between 
;hese infections and the diverticulum Peaise 
liscusses the indications for operation and 
fesenbes a technic foi the removal of peii- 
Vatenan diverticula 

Ohsti uction — Morlock and Gray report the 

rase of a girl aged 16, who had attacks of painless 
i omiting intei mittently all her life until at opera- 
rion there was found an internal herniation of the 
;hird portion of the duodenum through a small 
rent in the mesentery, with resultant obstruction 
ind dilatation of the duodenum Incomplete 
rotation of the ascending colon was also present 
The patient was cured McCaity and Present 
describe a mesenteric pouch hernia resembling a 
Daiaduodenal hernia and discuss the anatomy and 
dinical features of both types Acute duodenal 
abstruction due to calcified tubeiculous retro- 
peritoneal glands IS reported 

237 Warren, H A , and Emery, E S Duodenal 
Diverticula with Special Reference to Their Symp- 
:omatology, Gastroenterology 1 1085-1099, 1943 

238 Pearse, H E The Surgical Management of 
Duodenal Diverticula, Surgery 15 705-712, 1944 

239 Morlock, C G, and Gray, H K Congenital 
Duodenal Obstruction, Ann Surg 118 372-376, 1943 

240 McCarty, R B , and Present, A J A Mesen- 
teric Pouch Hernia Simulating Paraduodenal Hernia, 
Surg, Gynec & Obst 78.643-648, 1944 


Cyst — A case of enterogenous cyst of the 
duodenum is added to the 9 previously reported 
in the literature 

Rupfuie — Johnson‘S® reports on retioperito- 
neal lupture of the duodenum resulting from 
blunt tiauma with cuie effected by operation 
and leviews 52 cases fiom the literatuie 

Cancer — Howard,*^^ in reviewing the hteia- 
tuie of carcinoma of the duodenum, found 55 
instances recorded m 117,433 autopsies, an 
incidence of 0 047 per cent In 10,340 cases of 
carcinoma of the intestines the incidence of car- 
cinoma of the small intestine was 1 47 per cent 
Of 163 cases of caicmoma of the small intestine, 
involvement of the duodenum was found in 37 
per cent, of the jejunum in 37 pei cent and of the 
ileum in 28 per cent In the duodenum car- 
cinoma was found m the first poition m 34 per 
cent, in the second poition in 45 per cent, and 
in the third portion in 21 per cent Carcinomas 
of the duodenum are generally conceded not to 
arise from pieexisting ulceis, are seldom asso- 
ciated with polyposis, most commonly occur in 
a stenosing form and less fiequently assume a 
polypoid structure They metastasize late and 
then usually involve only adjacent tissues Few 
symptoms are produced until the lumen of the 
duodenum becomes obstructed In the first 
portion of the duodenum the symptoms simulate 
pyloric carcinoma, in the second portion they 
simulate carcinoma of the ampulla of Vater, with 
jaundice, fever and sepsis, in the third portion 
they are characterized by obstruction with bile 
in the gastric contents 

241 Solis-Cohen, L , Levine, S , Skversky, N J , 
and Zaslow, J Acute Complete Duodenal Obstruc- 
tion, Am J Surg 62 290-292, 1943 

242 Orgias, R Enterogenous Cyst of the Duode- 
num, Brit J Surg 31 90-93, 1943 

243 Johnson, M L Traumatic Retroperitoneal 
Rupture of the Duodenum Presentation of a Case and 
Review of the Literature, Arch Surg 48*372-380 
(May) 1944 

244 Howard, J W Carcinoma of the Duodenum, 
Am J M Sc 206 735-746, 1943 
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Brunschwig and Templeton,- in discussing 
the roentgenogiaphic diagnosis of neoplasms of 
the peiiampullai}’' legion of the duodenum, 
emphasize iriegulaiities in the duodenal outline, 
stiffness of the invohed segment, changes in the 
mucosal markings and Fiostber’s “leversed 3” 
sign Cohn lepoits 2 cases of caicmoma of 
the duodenum m which the diagnosis was made 
pieoperatively on the i oentgenologic demonstia- 
tion of an abnoimal mucosal pattern, m both the 
onset was insidious and asymptomatic until ob- 
structive symptoms appealed, the cancel devel- 
oped above the ampulla, and hence there was no 
jaundice 

Glove and Rasmussen-^" lepoit obstiuctive 
jaundice m a 59 yeai old man m whom a benign 
papilloma of ampulla of Vatei the size of a 
walnut was found and lemoved at opeiation 
Watson-"*® describes a caicmoma of the ampulla 
removed successfully in a two stage resection 
A case of mfiapapillaiy adenocaicmoma of the 
duodenum is added to the 46 alieady in the 
litei ature 

A parapyloric duodenal adenocaicmoma simu- 
lated duodenal ulcer preopeiatively and remained 
cured five years following operation Child 
reports a case of panel eaticoduodenal caicmoma 
with symptoms of one month’s duration in which 
radical pancreaticoduodenectomy was perfoimed 
in one stage The patient remained relatively 
flee of symptoms foi fourteen months, at which 
time reexploration levealed massive recuiience 
of the tumor 

Sat coma — Bisgard and Cochran®®® desciibe 
primary lymphosaiccma successfully lesected, 
although the patient died three months latei 

245 Brunschwig, A, and Templeton, F E Roent- 
genographic Diagnosis of Neoplasms of the Pen- 
Ampullary Region and Head of the Pancreas, Radiol- 
ogy 41 438-443, 1943 

246 Cohn, I Carcinoma of the Duodenum, Ann 
Surg 119 342-350, 1944 

247 Grove, L , and Rasmussen, E A Benign Papil- 
loma of the Ampulla of Vater, Am J Surg 64 141- 
143, 1944 

248 Watson, K Carcinoma of Ampulla of Vater 
Successful Radical Resection, Bnt J Surg 31 368- 
373, 1944 

249 Felsen, J , and Wolarsky, W Primary Infra- 
papillary Adenocarcinoma of the Duodenum, Arch 
Path 36 428-431 (Oct) 1943 

250 Burke, E , Perkel, L L , and Gnassi, A M 
Duodenal Carcinoma, Am J Surg 62 267-271, 1943 

251 Child, C G Carcinoma of Duodenum One- 
Stage Radical Pancreatico-Duodenectomy Preserving 
the External Pancreatic Secretion, Ann Surg 118 
838-842, 1943 

252 Bisgard, J D , and Cochran, R M Primary 
Sarcoma of Duodenum Resection with Head of Pan- 
creas bj' One-Stage Whipple Operation, Am J Surg 
61 425-429, 1944 


Williams®®® reports a case of leiomyosarcoma 
which perforated, resulting in peritonitis and 
death of a 30 yeai old woman thiity-six hours 
post partum In McCullough’s ®®^ case a leio- 
myosaicoma was complicated by ulceiation, 
sinus foimation and metastatic abscesses of the 
livei, lungs and heart 


SMALL INTESTINE 


Physiology — Millei,®®® in reviewing the in- 
vestigations carried on m his clinic by means 
of small intestinal intubation, discusses intestinal 
absoiption and the effects of drugs and of intes- 
tinal obstruction on the motility of the small 
bowel Hamiick®®® desciibes a method foi the 
intiodnction of the Millei -Abbott tube in which 
air is injected into the stomach through the tube 
to aid its passage into the duodenum Gius and 
Race!} ®®’ describe a simple, easily constiucted, 
poi table suction device dependent on the fact 
that a tire pump will provide suction when the 
plunger is reveised and designed piimarily foi 
use with the Millei -Abbott tube It is effective, 
is simple and can be managed almost entirely b> 
the patient himself 

Van Liere and co-woikers,®®® in studying the 
effects of anoxia, found that the motility of the 
small intestine of dogs was unaffected by the 
partial piessuies of ox)'gen between 80 and 43 
mm of meicury and that of mice with pressures 
above 94 mm In the colon, anoxia produced a 
diminution in the contractions of both the longi- 
tudinal and the circular muscles The influence 
of various agents affecting the autonomic ner- 
vous system was studied by giving a powdered 
charcoal mixture to matched pairs of unanesthe- 
tized dogs by stomach tube, using one animal as 
a control and its mate as the experimental subject 
and killing both after an appropriate interval, to 
deteimme the distance the charcoal mixture had 


253 Wilhatns, M H L A Case of Perfoiating 
Leiomyosarcoma of the Duodenum Associated with 
Parturition, M J Australia 1 585-586, 1944 

254 McCullough. K Leiomyosarcoma of the Duo- 

ienum. New York State J Med 44 1248-1249, 1944 

255 Miller T G Observations on the Human 
Digestive Tr’act by Intubation, Proc Chicago Inst 
Med 15 118-129, 1944 

256 Hamrick, W H A Technic for Introducing 
the Miller-Abbott Tube, U S Nav M Bull 41 1737- 
1742, 1943 

257 Gius, J A, and Racely, C A A New Port- 
ible Suction Apparatus for Use with the Miller- 
A^bbott Tube, Surgery IS 574-578, 1944 

258 Van Liere, E J , Northup, D W , Sticknej, 
f C , and Emerson, G A The Effect of Anovia 
3 n Peristalsis of the Small and Large Intestine, Am 
J Physiol 140 119-123, 1943 
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tiaveised the small intestine Ergotamine 
increased the motilit}^ of the small intestine 27 
per cent and neostigmine 38 per cent 

Ingelfingei has wiitten a comprehensive 
levieiv of the effect of drugs, endociine sub- 
stances and vitamins on intestinal motility 
Huidobio, Monteio and Cuevas found that 
nitroglyceim does not affect intestinal move- 
ments but amyl nitiate and, to a lessei extent, 
theopltyllme ethylenediamine deciease movement 
and tonus Pitressm and, to a lessei extent, 
neostigmine inciease the spontaneous motility of 
the small intestine Ati opine sulfate and moi- 
phine decrease the motoi activity, and the latter 
slightly increases the tonus 

jNIeyei and associates,-®- having lepoited in 
pre\ lous papei s that the salivai y , gastric and . 
pancreatic secietions aie diminished m the aged, 
proceeded to study intestinal absorption by 
means of the Althausen galactose absoiption 
test At the end of thiity minutes the gioup 
with an a\eiage age of 20 5 years absorbed 
approximate!}^ 50 per cent more galactose than 
the gi oup ith an ai erage age of 76 6 yeai s 
Aftei sixty minutes the values for the two groups 
iieie approximately the same, aftei ninety 
minutes the oldei gioup had the higliei values, 
thus giiing fuithei evidence of the delay in 
absorption 

Kajdi and Dai isoii studied the specific 
gravity, surface tension, pn, trypsin and amylase 
content and the rate of flow of the duodenal 
fluid in 9 infants with normal digestion, 1 suffer- 
ing from sprue and 1 from acute diairhea The 
patient with acute diarihea had a pronounced 
1 eduction of duodenal tr}psin and amylase In 
the others the suiface tension of the duodenal 
contents was stable in spite of vaiiations in the 
rate of flow and concenti ation of enzymes and 
bile acids Walker,^®'^ in in vitro studies, found 


259 Van Liere, E J , Northup, D W , and Stick- 
ney, J C The Influence of Agents Affecting the 
Autonomic Nervous System on the Motility of the 
Small Intestine, Am J Physiol 141 462-465, 1944 

260 Ingelfinger, F J The Modification of Intes- 
tinal Motility by Drugs, New England J Med 229 
114-122, 1943 

261 Huidobro, F , Montero, E , and Cuevas, F 
The Effect of Drugs on the Motility of the Jejuno- 
ileum in Normal Man, Surg , Gynec & Obst 78 471- 
476, 1944 

262 Meyer, j , Sorter, H , Oliver, J , and Necheles, 
H Studies in Old Age VII Intestinal Absorption 
m Old Age, Gastroenterology 1 876-881, 1943 

263 Kajdi, L, and Davison, W Chemical and 
Enzymic Studies of the Duodenal Contents of Infants, 
J Pediat 23 204-214, 1943 

264 Walker, F The Effect of Caffein in Coffee 
Extract on the Activity of the Digestive Enzymes, 
Am J Physiol 139 343-346, 1943 


that caffeine had no effect on the activity of the 
digestive enzymes ptyahn, pancreatic amylase, 
pepsin, trypsin and pancreatic lipase Coffee 
extiact did not affect the digestion of casein by 
pepsin or tiypsin, it increased the rate of diges- 
tion of starch by salivary and pancieatic amyalse 
and letarded the digestion of olive oil by pan- 
cieatic lipase 

Fink and Nasset^®® have piovided a method 
foi the bioassay of entei ocrinin, the hoimone 
which excites the secretory glands of the intes- 
tine, the piincipal featuie of the method being 
that it gives accurate and leproducible results 
quickly by precise treatment of the time factor 
A statistical analysis of data on 9 dogs shows a 
closei correlation between dose and response 
when the dose of enterocnnm is given without 
lefeience to the weight of the dog than when it 
is given on a per kilogram of weight basis 
Secietin, likewise, was found to give more uni- 
form responses in diffeient dogs if the same 
dose was given, regardless of body weight, 
whereas the vasodilatms present m intestinal 
extiacts are best expiessed on a pei kilogram 
basis Fink-®® desciibes a procedure for obtain- 
ing highly potent pieparations of entei ocrinin 
The potency has been increased to over three 
hundred times that of the crude extract 

Forstei, Helm and Ingelfinger conducted 
expel iments m oi der to determine whether or not 
action potentials could be elicited from the intact 
human intestine and, if so, whether these 
potentials could be correlated with mechanical 
evidence of contraction and with the electrical 
potentials of smooth muscle as determined in 
animal experiments In 1 patient with an 
ileostomy the conti actions were observed directly 
and in 4 patients indirectly with use of a Miller- 
Abbott tube The electrical potentials correlated 
with the mechanical evidence of contraction and 
in all essential respects were similai to the 
activity of isolated preparations of smooth 
muscle 

Radiosodium was employed as a tracer in 
measuring rates of sodium ion movement into 
and out of the gut at several levels m chronic 
surgically prepared segments of dog intestine ^®® 

265 Fink, R M , and Nasset, E S The Physio- 
logical Response to Enterocnnm Considered Quantita- 
tively, Am J Physiol 139 626-632, 1943 

266 Fink, R M The Fractionation of Entero- 
ciinm Preparations, Am J Physiol 139 633-637, 1943 

267 Forster, F M , Helm, J D, Jr, and Ingel- 
finger, F J The Electric Potentials of the Human 
Small Intestine, Am J Physiol 139 433-437, 1943 

268 Visscher, M B , Varco, R H , Carr, C W , 
Dean, R B , and Erickson, D Sodium Ion Move- 
ment Between the Intestinal Lumen and the Blood, 
Am J Physiol 141 488-505, 1944 
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Sodium ions move in both directions acioss the 
intestinal epithelium at measurable rates under 
all conditions studied There is m general a 
descending aboral gradient in movement of 
sodium from blood to intestine, the movement 
being least m the colon The same holds for 
movement in the intestine to blood direction, 
except that there is probably little difference 
between ileum and colon The rates of movement 
both out of and into the gut are both positively 
correlated with the sodium ion concentration m 
the small intestine The colon possesses a more 
efficient absorbing mechanism The observations 
stress the irtipoitance of dynamic factors in 
determining the apparent permeability of living 
membranes 

Smith and Bergmenn-°° describe the ptepara- 
tion of I-leucine-aminoexopeptidase from swine 
intestinal mucosa together with eiidence of the 
piesence in swine mucosa of enzymes that 
hydrolyze various glycines 

Further information regaidmg the amount of 
small intestine required for the preservation of 
life is provided by 2 cases described by Pno- 
leau,“^° In the first the patient survived the 
resection of 260 cm of small intestine and 31 
cm of sigmoid colon followed by two subsequent 
major operations to reestablish the continuity of 
the bowel In the second case the patient sur- 
vived the removal of 354 cm of small intestine 
and 40 cm of sigmoid The first patient, from 
whom approximately 40 per cent of the small 
bowel was removed, remained well , in the 
second, who lost an estimated 53 per cent of his 
small intestine, diarrhea, emaciation and edema 
developed and he died in four months These 
observations are thus in accord with the view 
that the upper limit of tolerated resection is 
50 per cent 

Roentgenology — Schatzki points out that 

in all parts of the gasti omtestinal tract except 
the small intestine the examination is performed 
by observing roentgenoscopically the actual fill- 
ing of the organ in question and then by studying 
the partially or completely filled organ In the 
small intestine this may be accomplished by 
introducing barium sulfate solution through a 
duodenal tube The barium reaches the cecum 
in an average time of fifteen minutes The 
advantages of the method are The small intes- 

269 Smith, E L , and Bergmenn, M The Pepti- 
dases of Intestinal Mucosa, J Biol Chem 153 627- 
651, 1943 

270 Pnoleau, W H Massn e Resection of the 
Small Intestine Report of Two Cases, Ann Surg 
119 372-376, 1944 

271 Schatzki, R Small Intestinal Enema, Am J 
Roentgenol 50 743-751, 1943 


tine IS seen filled m its entiiety, the actual 
filling of the small intestinal loops can be 
observed roentgenoscopically , dehydration of 
the barium mixture, as m the usual peroral 
examination of the small intestine, resulting in 
a lumpy incomplete filling of the ileum, does not 
occur, an adequate examination of the ileocecal 
valve and cecum can be made when a rectal 
enema is contraindicated, the time required for 
the examination is shorter than with the con- 
ventional method The disadvantages of the 
method are There aie annoyances and difficul- 
ties associated with the introduction of the duo- 
denal tube, the puipose of the examination is 
defeated if the filling of the small intestine takes 
place very slowly, due usually to reflux into 
the stomach, functional changes in the small 
intestine aie best studied by the conventional 
examination Cases in which the method is 
contraindicated consist of those cases m which a 
routine gastrointestinal examination is contra- 
indicated, cases of suspected gangrene of the 
bowel and cases of actne duodenal ulcer 

In 5 dogs hypoprotememia and edema had 
no significant effect on the late of intestinal 
absorption of galactose and aminoacetic acid*” 
Roentgenologic observation after the administra- 
tion of barium sulfate showed in some of the 
loentgenograms of the small intestine during 
edema a moderate clumping of the barium and 
segmentation 

Anomalies — Giove*'^ leports duplication of 
the terminal ihum associated with two congenital 
diverticula Glover and Garvin report intes- 
tinal obstruction in a newborn infant in wdiom 
thiee anomalies weie found at operation 
Adhesive bands constricting the duodenum and 
a loop of jejunum passing through a hole in 
the mesentery together caused the obstruction 
and were associated with a third anomaly, partial 
volvulus of the nonrotated cecum Recovery 
follow^ed relief of the obstruction Dolton''” 
reports intestinal obstruction due to heiniation 
through a mesenteric defect Stock and Can- 
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non 1 eport on a 3 da} old child with symptoms 
of intestinal obsti notion found at autopsy to 
have a blind end of the small bowel 3 inches 
(7 5 cm ) beyond the duodenojejunal flexure 

Volvulus — Baibosa*’’ lepoits on volvulus of 
the entile small intestine tieated by detorsion, 
with reco\ery 

Iiihissuscephon — Good discusses the diag- 
nosis of enteroentenc intussusception roentgeno- 
logically aftei administration of barium sulfate 
b} mouth The characteristic observations are 
gradual narrowing of the lumen of the bowel as 
It approaches the intussusception, pionounced 
nai 1 owing of the lumen tin ough the intussuscep- 
tion, retiogiade filling of the space between the 
intussusceptum and the intussuscepiens, with 
the formation of a chaiactenstic “concentric 
I mg” or “spiral sheath” appearance, and a 
palpable mass coincident with a filling defect 
111 the barium column Though enteroentenc 
intussusception is usually secondaiy to some 
other lesion of the bon el, the lattei is seldom 
identifiable by the examination Good consideis 
the admmistiation of baiium by mouth to be 
safe if a barium sulfate enema has excluded 
obstruction of the colon 

Gibbs and Sutton leview 92 cases of intus- 
susception m infants and children observed ovei 
sixteen years Scott presents a case of jejunal 
intussusception, thought to be the second in the 
literature The patient was a 6 day old infant, 
with vomiting and passage of blood by rectum 
Clark reports on an irreducible double intus- 
susception due to an invaginated Meckel 
di\ erticulum complicated by volvulus of the 
affected portion of bowel Letter reports 
ileoileal intussusception due to a Meckel divertic- 
ulum in a 14 year old boy Recovery followed 
lesection of the intussusception with ileotrans- 
\eise colostomy 
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Stenosis and Adhesions ~A. 61 year old man 
with episodes of abdominal pain accompanied 
with nausea and vomiting was found at operation 
to have a strangulated bowel It was freed of 
adhesions, but the attacks of abdominal pain con- 
tinued At the second operation the stenosis was 
found to be caused by cicatricial tissue involving 
8 cm of the bowel Henry records a 30 6 per 
cent mortality in 219 cases of nonmalignant 
intestinal obstruction In 77 cases simple release 
of adhesions resulted in a 15 5 per cent mortality 
In 29 cases enterostomy for decompression was 
earned out, with a 41 4 per cent moitahty In 
35 cases resection was necessary, the mortality 
being 57 pei cent 

Besoa) — A tiichobezoar in the terminal por- 
tion of the ileum lesulted in volvulus, infarction 
of the bowel, peritonitis and death in a 13 year 
old girl 

Rupttae — Ficaira“®° lepoits 16 interesting 
cases of nonpenetrating abdominal injuries with 
tiaumatic perforation of the small intestine 

Anewysni — Hiller and Johnson review the 
literature of ruptuie of abdominal aneurysms in 
the intestinal tract and report on a 76 year old 
white man who complained for six weeks of con- 
stant epigastric pain, anorexia, intermittent 
nausea and abdominal distention The guaiac 
test of the stools gave positive results on several 
examinations , the result of a roentgenologic 
examination of the gastrointestinal tract was 
leported negative The patient suddenly became 
semicomatose, passed large amounts of blood 
by lectum and died An arteriosclerotic aneu- 
lysm of the abdominal aorta perforating into the 
jejunum was present at autopsy 

Gallstone Ileus — Rankin and Eger i eport 
3 cases of intestinal obstruction due to gallstones 
In 2 the obstiuction was high in the jejunum 
and in the third at the ileocecal junction Nitkm 
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and Lesser-®® desciibe intestinal obstruction due 
to gallstone with preoperative roentgen visual- 
ization of the biliary radicles Of 36 such roent- 
genologically studied cases previously repoited 
in the literature visualization of the biliaiy tract 
was observed preopei atively in 22 The follow- 
ing signs of gallstone ileus are recognized an 
or contrast medium in the biliary tract , complete 
or partial intestinal obstruction as noted by 
distended loops of bowel, with visualization of 
the stone by a plain film or by the ingestion of a 
barium sulfate meal permitting the outlining of 
a radiolucent calculus, change in position of a 
pieviously observed stone Utilization of in- 
testinal intubation preopei ativety contributes 
materially to the management in such cases by 
decompression of the bowel and by permitting 
the administiation and subsequent removal of 
barium for the identification of the obstiuction 

A 74 year old woman with a history of biliary 
colic after five days in the hospital for bihaiy 
colic had sudden acute pain in the lower part 
of the abdomen followed by symptoms of acute 
intestinal obstruction The Millei -Abbott tube 
was passed , the general improvement was 
so striking that operation was not pei formed 
Roentgenologic examination showed a stone m 
the colon and later two big stones were passed 
m the stools Gastroduodenal roentgenograms 
disclosed a cholecystoduodenal fistula 

DtveiUcula — Benson, Dixon and Waugh -®^ 
present results of an interesting study of 122 
cases of so-called nonmeckehan diverticula, in 
100 occurring m the jejunum, in 17 m the ileum 
and in 5 throughout the intestine Symptoms 
developed only when complications occuried, as 
they did in 13 cases, chionic intestinal obstruc- 
tion being the most frequent complication The 
first case of carcinoma of a jejunal diverticulum 
is reported D’Abreu ^®® reports the unusual case 
of a 37 year old man with epigastric pain aftei 
meals, relieved by alkalis and aggravated by 
meat, associated with colic-like abdominal pain 
and alternating diarrhea and constipation At 
operation a huge diverticulum of the small bowel 
was found at the junction of the jejunum and 
the ileum 
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Ileum, Ann Surg 118 377-393, 1943 
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A Meckel diverticulum 18 inches (46 cm ) 
fiom the ileocecal valve was visualized bj a 
baiium sulfate enema Calcified concretions 
are described in a Meckel diverticulum ^®^ The 
tip of the diverticulum was attached to the tip 
of the appendix, foiming a band that caused 
mechanical obstruction Rtfdder reports acute 
diverticulitis of the jejunum, with resection and 
uneventful recovery 

Treatment of Intestinal Obstruction — Crim- 
son and Hodge discuss the use of prolonged 
intubation suction technic m the treatment ot 
intestinal obstiuction pioduced by postoperative 
01 inflammatory adhesions and present 7 cases 
illustrating the success of this method However, 
patients with strangulation or recuriing attacks 
of obstiuction in spite ot conservative treatment 
lequire exploration Bennett-®' also discusses* 
the diagnosis and tieatment 
Sprue and Related Disoideis — Crohn®®® le- 
views the recent advances made in the study of 
the diseases of the small bowel, including sprue, 
the deficiency states, ileojejunitis and regional 
enteritis Sprue is intei preted by Wilder®®® as 
one type of jejunoileal functional insufficienc} 
with diminution in absorption of the products of 
digestion as well as of minerals and vitamins 
Since fats are less readily absorbed than proteins 
or carbohydrates in normal persons, it is readilj 
understandable that inadequate absorption of fat 
should be responsible for many of the symptoms 
The excessive amounts of split fat and soaps in 
the stools are characteristic In the active stages 
of the disease fat in the form of fatty acids and 
soap may constitute 50 per cent or inoie of the 
dried weight of the stool Lack of absorption 
of fat causes serious deficiencies of all the fat- 
soluble vitamins. A, D and K, and excessive loss 
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of calcium m the stools Delayed absoiption of 
dextiose causes a flattened cuive in the dextiose 
toleiaiice test Likewise, vitamin B complex, 
Mtamm C and non aie pooily absoibed Foui 
typical cases aie desciibed, with piompt lesponse 
to a low fat diet and laige doses of minerals and 
Mtamins A fifth and veiy instructive case is 
one 111 which a gastroentei ostomy had inad- 
Aeitently been done between the stomach and 
lonei pait of the ileum, with lesultant fatty diar- 
ihea (62 per cent of the diy w eight) and low level 
of plasma Mtamm C Prompt lecoveiy occurred 
aftei the gastroentei ic stoma was taken down 
Adleisbeig and Sobotka^°° have also called 
attention to the inability of the small intestine 
to absoib fat and the fat-soluble vitamin A 
duiing an attack of spiue wdieieas during a 
1 emission after adequate treatment theie is fairly 
satisfactoi}^ absorption of both The fat toleiance 
and vitamin A absorption tests aie desciibed in 
foui groups of patients contiol, with active 
sprue, with inactive spiue and w'lth jejunoileitis 

Mclntosh,^®^ in discussing the disoideis of the 
digestive system leading to vitamin deficiency, 
states that the failuie of absorption of fat-soluble 
Mtamms A and K, and to a less extent vita- 
min D, occuis in diseases with jaundice and 
acholic stools, in fibrosing pancieatitis and in 
celiac disease Fibiosing pancieatitis, often 
mistaken for celiac disease, is differentiated from 
It by the demonstration of an absence of the 
1101 mal pancreatic enzyme from the duodenal 
contents under conti oiled conditions Hence, if 
the examination of the stool foi fat discloses a 
significant degiee of impaired fat absoiption, one 
must be prepared to go ahead with procedures 
leading to a moie certain appiaisal of panel eatic 
pel formance 

In an effoit to classify lecurrent and chronic 
diarrhea of infancy and childhood, the type of 
metabolic diarrhea knoivn as the “celiac syn- 
drome” has been divided by the Lapin into 
five subtypes, namely cystic fibrosis of the 
pancreas, intoleiance to starch, infantile steator- 
ihea, celiac disease and alleigic celiac disease 
The evidence suppoitmg this differentiation is 
not entirely satisfactory to us, but the emphasis 
on quantitative chemical analyses of the stool 
foi fat and staich is amply justified 
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Fritzsche^®^ leports on lymphosarcomatosis of 
the small intestine and of the mesenteric lymph 
nodes in which the clinical picture was that of 
endemic spiue with chionic fatt}- dianhea, swell- 
ing of the abdomen, emaciation, mild anemia of 
the secondary type and i oentgenologic evidence 
of a seveie jejunitis, ileitis and colitis The 
disturbance m the absoiption of fat was appai- 
ently explained by the extensive infiltration in 
the small intestine, paiticularly the jejunum and 
uppei poition of the ileum and in the mesenteric 
Ijnnph nodes 

Morlock and Rosenberg®®^ leport the unusual 
association of nontropical sprue and severe 
tophaceous gout 

Forbes and Atkinson describe a lelatively 
simple titration method for the determination of 
neutral fat, including steiols, and of the fatty 
acid'-, including both fatty acids and soaps, in the 
feces Volk and Popper urge use of the 
fluoiescent microscope for the demonstration ot 
fat droplets m urine and feces as a better and 
simpler method than staining with sudan III 

Regional Enteutis — The perplexing problem 
of regional enteiitis is well discussed in a recent 
editorial Pathologically the distinguishing 
featuies are 1 Hypertrophy and thickening of 
the wall of the bowel, usually confined to some 
one localized stretch of the mesenteric small 
intestine, most fiequently the terminal ileum, and 
varying in extent from a few inches to several 
feet A bizari e feature of the disease is its occa- 
sional tendency to attack more than one segment 
of the bowel, leaving the intervening segments 
intact The process may involve the colon down 
to the sigmoid 2 Resultant nai rowing of the 
lumen of the bowel 3 Hypeiplasia of the mu- 
cosa, often with ulceration 4 Perforation, with 
local or general peritoneal involvement and estab- 
lishment of internal or external fistulas This 
tram of events is usually preceded by hypei- 
jDlasia of lymphatic tissue and an obstructive 
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lymphedema Microscopically the appeal ance is 
highly mimetic of tuberculosis, but all attempts 
to demonstrate tubercle bacilli or any othei 
causative oiganism, including the virus of 
lymphogranuloma venereum, have failed The 
counterpart of the disease has not been obseived 
in animals The diagnosis rests on symptoms 
so complex and varied as to create an almost 
invariable hazard Crohn’s original classification 
of symptoms is valid today The disease ma) 
follow any of four patterns (1) that of acute 
intra-abdommal disease, resembling most fre- 
quently acute appendicitis , (2) that of ileocolitic 
diarrheal disease, (3) that of chronic intestinal 
obstruction with supervening acute obstruction, 
(4) that of fistula (external oi internal) forma- 
tion Differential diagnosis demands considera- 
tion of acute appendicitis, bacillary dysenter}', 
acute perforative peritonitis, intestinal obstruction 
and cancer of the bowel Treatment is usually 
surgical However the disease frequently recurs 
after surgical removal of the grossly diseased 
segments and doubtless heals in many instances 
without resection 

Holloway^®® presents 13 well studied and 
illustrated cases to show the sequence of the gross 
pathologic changes in the acute, subacute and 
chronic forms The acute stage is characterized 
by pronounced edema attributed to lymphatic 
blockage and enlarged mesenteric nodes and 
accompanied with free intra-abdommal fluid The 
subacute stage consists in infiltration, exudation 
and engorgement wnth a tendency to perforation 
and fistula formation The chronic stage is 
manifested by stenosis, thickening and tumoi 
formation The acute stage may subside com- 
pletely, and hence conservative ti eatment is 
recommended In the chronic stage such resolu- 
tion IS unlikely, consequently short-circuiting 
procedures or resection are indicated Owens 
studied 22 cases and found neuromuscular hyper- 
plasia to be a characteristic and hitherto unre- 
ported feature Falhs,®^° in reviewing 32 cases, 
noted that in 40 7 per cent of them the patients 
had previously had appendectomies and that 30 
per cent of the patients undergoing resection 
lequired subsequent fuither resection 

Wilensky gives an interesting description 
of a w^oman in the fifth decade of life who had 
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undergone an appendectomy twenty years earlier 
for “chronic appendicitis ” Pam in the right 
lower quadrant of the abdomen recurred from 
time to time, becoming unusually aggravated in 
1940 Roentgenologic examination showed the 
terminal segment of the ileum to be distorted and 
contracted for a distance of 5 inches (13 cm ) 
The patient recovered and remained well The 
loentgenologic examination twm years later 
showed no evidence of a lesion Wilensky 
interprets this as a case of nonspecific granuloma 
of the terminal ileum wnth spontaneous healing 
Barnes®^" desciibes an instance in which the 
terminal ileum, the ascending colon and part 
of the transverse colon were involved Resection 
of the terminal ileum and the right half of the 
colon has been performed for combined terminal 
ileitis and colitis An unusual and interesting 
case with the diagnosis of regional enteritis of 
the ascending colon is leported and discussed 
by Dr Castleman, wdio emphasizes the signifi- 
cance of the presence of giant cells in the patho- 
logic differention of this disease from chronic 
nonspecific ulcerative colitis The report ot 
Phillips IS unusual because the patient w as 
a 62 }ear old white man 

In a case of nonspecific enteritis involving 
Meckel’s diverticulum, a fistula had developed 
after a previous appendectomy and light sal- 
pingo-oophorectomy A perforation w as found 
in the diverticulum Regional ileitis with con- 
comitant ureteritis due to extrinsic pressuie of 
the mass on the ureter is described After 
removal of the focus of infection and obstiuction 
in the intestines, the ureter returned to noimal 
In a 23 year old white man wnth extensive 
granulomatous jejunoileitis, a pronounced h}po- 
proteinemia which responded only moderately to 
the injection oi proteins and amino acids was 
obserr^ed A deficiency in pancreatic amylase 
complicated the disease The oral administra- 
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tion of a concentiated amylase was followed by 
a gam m weight, aii mciease in serum piotems 
and an apparent inhibition of the growth of 
ISIomha albicans m the stools 

Cyst — Rosenbuig repoits on an enterog- 
enous cyst of the ileocecal junction The 
diagnosis may be suggested preoperatively by a 
palpable mass m the light lower abdominal 
quadrant Pam from distention within the cyst 
IS the most frequent symptom, but intestinal 
obstruction due to local pressure of the tumoi 
and bleeding from an erosion of a blood vessel 
may occui Mai supiahzation is recommended 

Timoney lesected successfully a mucocele 
of the appendix with local implantation of 
pseudomyxoma pei itonei 

Bemgn Twno}s — Commenting on the larity 
of benign neoplasms of the small intestine, 
Collins analyzes 18 cases of neurofibroma 
collected fiom the hteiature and reports the case 
of a Negro man, aged 65 \\ ith symptoms of acute 
intestinal obstruction of forty-eight houis’ dura- 
tion and a history of a mass m his abdomen for 
one year At opeiation a tumor the size of a 
giapefruit and with a twisted pedicle was found 
Schottenfeld presents a complete discussion 
of lipomas of the small intestine and ileum, 
including a leview of the literature and repoit 
of 6 cases 

Gordon-Tayloi leports on a myoma of the 
midmtestine resected successfully and also the 
case of a 67 yeai old man who had unexplained 
lecuirent high intestinal bleeding, with no abnoi- 
mality found at operation Howevei, at the 
autopsy, perfoimed a few days latei, a tumoi 
the size of a small orange was found in the 
middle of the jejunum The tumoi, ulcerated 
on its mucosal surface, was histologically a 
leiomyoma In 1 of 2 cases recurrent melena 
nas due to a leiomyoma of the terminal poition 
of the jejunum and in the second to a degen- 
eiating leiomyosai coma of the midportion of the 
ileum 
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Golden®-® reports that the ileocecal valve is 
larely large enough to pioduce a lecogmzable 
indentation on the shadow of the barium-filled 
cecum, although it can sometimes be demon- 
stiated on pressure films Two cases are 
described in which the lips of the valve were 
enlarged At operation hypertrophy of the lips 
of the valve with edema of the mucosa was found, 
the edema involving the terminal ileum and 
attributed to alcoholism with nutritional defi- 
ciency In the second case the hypertrophy was 
also due to edema of the ileal side of the valve 
piojectmg into the cecum and producing eaily 
legional enteritis 

Cmcinoid Tumots — In a study of 130 car- 
cinomas of the small intestine 30 so-called 
cai cinoid tumors were found Thirteen of 
these had metastasized locally or distantly Nine 
of the tumors v ere responsible for disabling 
symptoms, chiefly chronic intestinal obstruction 
The lesions may occur anywhere from the 
esophagus to the anus, but they tend to be 
piesent in the terminal segments of the ileum 
as small oi ange submucosal nodules with minimal 
ulceiation Fifty pei cent of the tumoi s were mul- 
ticentric Puckering and kinking were observed 
m the legion of the tumor Involvement of 
regional lymph nodes was observed m 11 and 
hepatic metastasis in 5 The term “little car- 
cinoma” IS apt, for laige lesions aie rarely 
encounteied, although the metastatic deposits 
ma) be veiy large Evidence is afforded that 
all caicmoid tumoi s are in essence peculiai low 
giade (1, Broders) adenocarcinomas Never- 
theless, it IS suggested that the word “carcinoid” 
be appended by virtue of usage and as a designa- 
tion of the peculiar mode of oiigin, life history 
and spiead of these rather unusual neoplasms 
The} are always malignant, and metastasis 
OCCUI s in at least a thud®®" Two cases of car- 
cinoid tumoi s of the ileum are reported,®-'® in 
both of which the symptoms of intestinal obsti uc- 
tion were present together with metastases to the 
legional Ivmph nodes The unusual features in 
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the case of Korkosz are a spontaneous per- 
foration of the ileum proximal to the site of the 
lesion and a general atrophy of the colonic 
mucosa associated with a submucous fatty 
replacement A clinical diagnosis of teiminal 
ileitis was coriected by microscopic examination 
to argentaffinoma of the ileocecal valve 

A carcinoid tumor of the cecum with local 
and distant metastases is reported in a 70 year 
old man, the fifth case of carcinoid tumoi of the 
cecum in the literature 

Cm cinoma — Boman,®^^ in a paper on primary 
carcinoma of the jejunum and ileum, reviews 
the literature briefly and lepoits 7 interesting 
cases Metastases to the mesenteiic nodes were 
present in all and to the omentum and perito- 
neum m 1 Black repoits ileoileocohc intus- 
susception caused by a polj^poid carcinoma of 
the ileum 40 cm proximal to the ileocecal valve 
In 16,318 necropsies performed at the Cook 
County Hospital, Chicago, there were only 3 
cases of primary carcinoma of the jejunum, 
including 1 intussusception 

Sarcoma — A successfully resected sarcoma of 
the jejunum in association with von Reckling- 
hausen’s disease is described Though neuro- 
sarcoma occurs m 20 per cent of the cases of 
von Recklinghausen’s disease, the occurrence in 
the jejunum is extremely rare A malignant 
lymphoma with perforation of the small intestine 
is reported 

APPENDIX 

Acute AppendiaUs — Etiolog}'^ In 61 cases of 
catarrhal appendicitis, Bowen found a sterco- 
lith in only 5 per cent, whereas in 63 cases with 
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gangrene it was present in 63 pei cent, from 
this he concludes that in the severe grades of 
appendicitis the stercohth is clearly an important 
factor 

Diagnosis Tripodi and Kiuger^^® report a 
case of appendical calculus recognized preopera- 
tively by the presence of calcification in the right 
lower abdominal quadrant roentgenologically 

Shannon is of the opinion that obstructive 
appendicitis should be suspected m children 
who complain of repeated gastric upsets with 
abdominal pain, nausea and vomiting and that 
appendectomy should be pei formed before acute 
appendicitis develops Globe distinguishes 
the generalized pain due to distention of the 
appendix from the localized pain due to irrita- 
tion of the peritoneum Hutchinson reports 
bleeding from the inferior epigastric vessels in 
a 28 j^eai old man with no history of trauma, in 
whom the symptoms suggested appendicitis 
Myers and Romingei report a retroperitoneal, 
letrocecal mucocele of the appendix of enormous 
size in a 72 year old patient Newerla and 
Connally report a case of gangrenous appen- 
dicitis in a strangulated femoral hernia of the 
Richter type River and Gradinger report 
appendiculocohc fistula with recurring attacks 
of pain in the right lower quadrant of the 
abdomen and a roentgenologic deformity of the 
cecum suggestive of neoplasm 

Hatchette describes left-sided appendicitis 
diagnosed entirely by roentgenologic examina- 
tion, and confirmed by operation and pathologic 
examination The incomplete rotation of the 
colon was not discovered until the roentgenologic 
examination The pain was located in the left 
side of the abdomen, just above the level of the 
anterior iliac spine On roentgenoscopic exam- 
ination the proximal half of the transverse colon 
and a portion of the ascending colon were parallel 
to the distal half of the transverse colon and the 
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cecum lay paiallel to the descending colon and 
anterioi to it The appendix filled well, was 
painful to piessuie and contained a moderate- 
sized filling defect at the tip At opeiation the 
tip of the appendix as included in an mflamma- 
toiy piocess foiming an abscess and involving 
also the mesentei}’ of the small bowel of the left 
side Since most lepoits m the hteiatuie state 
that the pain in left-sided appendicitis occuis on 
the light side, the location of the pain in this 
instance is ascribed to involvement of the mesen- 
tei y Piescott and Zollmgei leport 3 cases 
of acute appendicitis in situ inveisus totale, in 
none of which the s}mptoms weie refeiable to 
the light side 

Fiasei,^'*' in a well documented histoiical, 
clinical, etiologic and pathologic study of intus- 
susception of the appendix desciibes 7 instances 
of simple intussusception of the partial and com- 
plete t}pes and lefeis to 82 cases in the liteiature 
The chaiacteiistic clinical featuie is the occur- 
lence of very seveie attacks of colic with peiiods 
of complete remission Complete inveision of 
the appendix into the cecum may be associated 
vith cecocohc intussusception and the appendix 
palpated at the i ectum 

Tieatment — -Behrend in leviewing 4,283 

cases found that m 2,459 cases of acute appen- 
dicitis the mortaht} was 1 34 per cent Appai- 
enth the mortaht}^ horn appendicitis has been 
kept at a very low level in the last decade chiefly 
because of prompt diagnosis and operation and 
also because the numbei of interval and piophy- 
lactic appendectomies has i educed the number 
of possible cases of acute disease 

Spencer repoits 100 cases of suppurative 
and gangienous appendicitis in patients treated 
in a small i ural hospital with a mortality of 2 per 
cent In 25 cases with perforation the moitality 
rate was 4 per cent Chenoweth reviews a 
series of 149 cases of appendical abscess In 
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60 pel cent the patients were subjected to 
appendectomy with drainage and in 40 per cent 
to incision and diamage only The general 
mortality was 4 7 per cent Of the patients 
whose appendixes were not removed either at 
the time of drainage or at a secondary elective 
opeiation 40 per cent had lecunent abscess 
In a leview of 903 cases of perfoiative appen- 
dicitis both the morbidity and the mortality wei e 
1 educed by the use of sulfonamide drugs, the 
mortality rate deci easing m the yeais from 1939 
to 1942 from 9 2 per cent to 3 4 per cent as the 
use of sulfonamide compounds increased 

DYSENTERY AND DIARRHEAL DISEASES 

Epidemic Diarihea of the Newborn — Geigei 
and Sappmgton report on an epidemic of 
diairliea m the newborn infants, 324 cases with 
45 deaths Most of the patients were exposed 
apparently to infection dui mg the first two weeks 
of life, and enteiitis developed one to two weeks 
latei No definite etiologic factoi was identified 
Sakula^®" studied an outbieak of gastroenteritis 
in the nuiseiy of a maternity department in 
which 18 infants contracted the disease and 15 
died, a mortality of over 80 pei cent The dis- 
semination was confined to bottle-fed infants 
The obseivations at neciopsy suggested an acute 
toxic condition rathei than an intestinal infection 
Pseudomonas pyocyanea was isolated from the 
stools or elsewhere in 1 1 of the 25 cases 
Drapei reports 22 cases of gastroenteiitis 
in childien under 5 years of age. Bacillus 
typhimunum being isolated fiom the stools in 
20 and Bacillus Reading m 2 

Light and Hodes studied six sepaiate 
epidemics occuiiing m three hospitals in the 
Baltimore-Washmgton area from the standpoint 
of a possible filtrable agent In * four of the 
epidemics a filtrable agent was isolated which 
legularly pioduced diarrhea in calves This 
agent was not recovered fiom the stools of noi- 
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inal infants or noimal calves The evidence sug- 
gested, therefore, that the agent might be a 
cause of epidemic diarrhea of the newborn 
Cultures of stool weie uniformly negative for 
hnown dianhea-producmg organisms The 
filtered stools were given by nasal inoculation 
Successive passages through calves i\eie found 
leadily possible with each of the four strains, 
and the results of studies of cross immunity 
indicated that the four strains represented a 
single agent The disease was produced m a 
total of 84 calves Reimann, Price and 
Hodges studied an epidemic of diarrhea, 
nausea and vomiting of unknown cause, excluded 
food poisoning, found none of the usual bacteria 
or other parasites commonly associated with 
enteritis and attempted to isolate a filtrable 
infectious agent similar to that described b}' 
Light and Hodes, with negative results in the 
8 experiments perfoimed with fecal material 
preserved frozen with solid carbon dioxide foi 
two months Gunn®®® reviews 411 cases of 
acute gastroenteritis Glaser and Bruce 
report that in treatment the administration of 
unlimited amounts of butter milk, skimmed milk 
and protein milk deci eased the period of hospital- 
ization and the death rate 

Vitamin Deficiency — ^Wmtrobe and his asso- 
ciates®®^ found that pantothenic acid deficienc} 
in young pigs was characterized by diarrhea, 
then dysentery and loss of appetite, striking 
impairment of grovth, loss Of hair, cough and 
excessive nasal secretion, changes in the tongue 
and abnormal gait Extensive colitis was shown 
by hyperemia, edema and ready bleeding of the 
bowel when examined rectosigmoidoscopically 
At autopsy the changes ranged fiom diffuse 
hyperemia with increase in the size of the lym- 
phoid follicles and the formation of small ulcers 
to extensive inflammatory changes involving the 
entire intestine Histologically, atrophy of the 
cells lining the glands of the mucosa, abscess 
formation and ulceration were observed The 
administration of 500 or more micrograms of 
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calcium pantothenate per kilogram of body 
weight per day was accompanied with cessation 
of diarrhea, gradual improvement in the condi- 
tion of the bowel, restoration of normal blood 
values, growth of haii and gam m weight 

Food Poisoning — Tapp®®® m leviewing the 
causes of food poisoning lists the following 
bacterial causes as Salmonella, staphylococcus 
toxin and Clostridium botulinum, “milk sick- 
ness” due to tiematol, a poisonous substance 
contained in weeds eaten by cattle and excreted 
in their milk, fungus poisoning, from inedible 
mushrooms, eigotism, fiom grain, mussel poi- 
soning, and cadmium poisoning, from the metal 
used to plate cooking utensils Hoechstetter ®®® 
discusses shellfish and mushioom poisoning 
DeLay®®^ describes an outbieak of characteristic 
staphylococcic food poisoning in which entero- 
toxigenic staphylococci were obtained from a 
bread pudding served at the meal preceding the 
outbreak About 400 of the 600 men served 
were affected The pudding was allowed to 
stand at room temperature (75-1- F ) 
twenty-four hours The outbreak illustrates the 
need for adequate facilities foi refrigeration and 
their use 

Bacillaiy Dyicnteiy — The most important ot 
the diarrheal diseases, according to Callender ®®® 
is bacillary dysentery Typhoid and the dysen- 
teries ordinal ily increase under the same unsani- 
tary conditions In the present war, however, 
typhoid vaccine appears fo have controlled the 
incidence of this disease, while bacillary dysen- 
tery, for which no immunization has been 
developed, has risen in troops to heights equal 
to those of twenty years ago 

Hardy and Watt®®® report on an excellent 
study carried out in Puerto Rico, New Mexico^ 
Georgia and New York city Satisfactory clini- 
cal data were obtained in 1,247 of 1,499 cases, 
with an epidemiologic history of 830 households 
The term “shigellosis” is suggested for all infec- 
tions due to pathogenic varieties of Shigella 

During the months of May, June and July 
1943 an outbreak of acute enteritis occurred 
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among Aimy peisonnel stationed in Noith 
Afiica It was chaiacteiized by two types of 
enteiitis, one mild and the other seveie The 
causatne organisms were Shigella paradysen- 
teiiae (Flexner) 73 pei cent, Shigella ambigua 
11 pel cent, unidentified paiadysentery bacilli 9 
pel cent. Shigella sonnei 3 pei cent. Shigella 
madampensis 2 pei cent and Shigella enteiitidis 
2 pel cent The wide distiibution of the Shigella 
paiad}senteiiae (Flexnei) was pioved by the 
tact that it was identified in othei laboi atones 
m othei aieas in Noith Afiica Gowen,"'’’ on 
epidemiologic giounds, concludes that transmis- 
sion by flies was piobably the most impoilant 
factoi 111 the spread of the disease, although 
contact with earners and pei sons with mild 
unrecognized foims of the disease undoubtedly 
pla}ed an impoitant part once the tioops had 
been seeded n ith the infection Adams and 
Atwood,^®® in a study of 251 cases of hacillaiy 
dysentery found shigella oiganisms in 90 pei 
cent of the patients, salmonella organisms m 6 
patients and an oigamsm belonging to the paia- 
colon group in 33 patients Of the shigella 
organisms found, 70 9 pei cent i\eie Shigella 
pai ad} senteriae and 8 per cent Shigella New- 
castle These responded to therapy with sul- 
fonamide compounds Twenty-eight infections 
due to Shigella sonnei and Shigella alkalescens 
did not respond to chemotheiapy 

Bacillary dysentery occurs m Chicago as a 
sporadic disease throughout the year, with 
gi eater fiequency in late summei and autumn 
months, 307 cases having been encountered at 
the Cook County Hospital duiing the years 1938 
to 1941 inclusive Some patients acting as 
"earners” haibor the organisms ovei extended 
periods, in this series as long as seventy days 
The mortality during the years 1938 to 1941 
inclusive was 7 per cent, the majoiity of deaths 
occurring among the very old and the very 
young Felsenfeld and Young,®"® m 13,000 stool 
examinations of the state hospitals of the greater 
Chicago area, isolated 64 strains of Salmonella 
belonging to 19 types Organisms were fre- 
quently found in symptomless earners Treat- 
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inent of the cat nets with sulfonamide compounds 
lesulted in failuie A number of dysentery 
infections were successfully tieated with sulfa- 
diazine and sulfathiazole , but those due to 
Salmonella typhimurium, the most common 
t\ pe, wei e resistant A new three sugar medium 
has been devised®"^ for the diffei entiation of 
Salmonella and paracolon organisms Littman 
desciibes a rapid method foi the isolation and 
identification of the enteric pathogenic organisms 
fiom the feces, utilizing standaid mediums and 
geneiic charts of fermentative reactions and 
seiologic chaiacteiistics Laikum®"® discusses 
the bactenologic classification Wheeler 
describes a method for the serologic identification 
of the pathogenic dysenteiy bacilli, utilizing a 
slide agglutination test, and piesents the result 
of the seiologic typing of 1,005 Shigella strains 

Acute dysentery in an infant 14 months of 
age IS attributed to Shigella alkalescens The 
pathologic changes were located primarily in the 
lymphoid tissue in the colon and m the ileum and 
contrasted with the diffuse involvement of the 
mucosa when Shiga and Flexner oiganisms are 
piesent Attempts to infect animals were unsuc- 
cessful, although Edward did pioduce lesions in 
the labbit almost identical to those seen in this 
case Stuait and co-woikers isolated from the 
stools of sick infants, normal exposed infants 
and normal adults having contact with the infants 
dm mg an epidemic of gastroenteritis Shigella 
alkalescens and antigenically related organisms, 
foiming an almost perfect intergrading series 
biochemically fiom S alkalescens to Escherichia 
coll, thus suggesting their probably evolutionary 
development 

Seligmann and Heitz®"’' isolated fifteen dif- 
ferent types of Salmonella in 37 cases observed 
at the Beth Isiael Hospital One or more types 
from each of the Salmonella groups was isolated 
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m Florida A new Salmonella type obtained 
from the stool specimens of a noimal food 
handler has been designated Salmonella missis- 
sippi 

Ferguson and Hook®®“ desciibe a method of 
distinguishing proteus and salmonella organisms 
by their growth on a medium containing uiea, 
the proteus organisms decomposing the uiea 
and the salmonella organisms showing no 
activity 

Snapper,®®^ in an analysis of the acute out- 
breaks of salmonella infections m Western 
Europe and also in the United States attiibiited 
to contaminated duck eggs, shows that the dis- 
ease usually does not result directly from the 
ingestion of infected eggs, the numbei of oigan- 
isms in any one egg being small, but lather is 
due to the infection of custards, puddings and 
other dishes in which growth and multiplication 
of the organisms occuis 

Coughlin®®® desciibes a hotel outbieak of 
gastroenteritis affecting 83 persons, including 
70 of the 78 persons attending a college alumni 
dinner, 10 of the 19 attending an insurance 
company’s dinner, 2 membeis of the hotel staff 
and a guest at the hotel The infection was 
attributed to chef’s salad prepared by the assis- 
tant chef, who was the only hotel employee who 
remained well and in whose stools Salmonella 
derb> were found The evidence, howevei, was 
not conclusive Coleman, in discussing this 
paper, points out that more than 100 species of 
Salmonella are now recognized and suggests 
that while human carriers must be recognized as 
a potential source of infection, even though 
epidemiologic studies seldom indicate tiansmis- 
sion fiom person to pel son, the frequency with 
which ^arlous salmonella oiganisms have been 
found in tissues from appaiently normal as well 
as diseased animals and birds suggests that they 
constitute the mam reservoii ffoi human infec- 
tion 
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An outbreak of milk-boine gastroenteutis due 
to Salmonella dubhn affected 162 peisons®®® 
The souice of the infection was tiaced to an 
apparently healthy cow excreting large numbers 
of the organisms An epidemic of sonne dysen- 
tery was due apparently to an infected w'ater 
supply, as the bacillus w'as isolated from a sample 
of the water which had passed satisfactorily the 
usual bacteuologic tests after chloiination ®®^ 
Hailwood®®® describes an outbreak of Sonne 
d)sentei> spread by food infected by a chiomc 
caiiiei who gave a histoiy of dianhea one yeai 
pieviousl) He w'as the only person whose stools 
contained Bacillus djsenteiiae Sonne who was 
asymptomatic during the period of the epidemic 
Zellwegei,®®® in a stud}’’ of an epidemic of bacil- 
lai} dysentery (type Sonne-lCruse) occurring in 
soldieis in the field and attributed to the con- 
tamination of the food by flies, emphasizes the 
impoitance of prophylaxis because of the enor- 
mous disability occasioned by the epidemic 

Ethylene gl}col and phenol extiacts of the 
Shiga bacillus pioduce considerable immunit} 
in the mouse to infection with full} toxigenic 
stiains of Bacteiium shigae®®' Large doses of 
foimaldehyde-treated vaccine induce resistance 
to infection in mice almost as w’ell as the extract 
but fail to elicit agglutinins to the same extent 
In an effort to find an agent which would be 
pol} valent and lelativel} nontoxic for the 
prophylactic immunization of human beings 
against dysentery bacilli infections, an antigen 
piepared from type V Shigella paiad}senteriae 
was found to give use in human beings to anti- 
bodies which aie broadl} cross reactive®®® The 
toxic pioperties of the antigen are undesirable 
but appaientl} not prohibitive wdren the antigen 
IS used in the small quantities required Whether 
it wall afford piotection against bacillary d 3 ’’sen- 
teiy aw aits trial in the field Age apparently is not 

383 Berger, F M, and Sutherland, P L Milk- 
boine Gastroenteritis Due to Salmonella Dublin Brit 
M J 1 488-490, 1944 

384 Green, C A, and Macleod, M C ^xplosne 
Epidemic of Sonne Dysentery, Brit M J 1 -59--61, 
1943 

385 Hailwood, J G The Carrier State in Sonne 
Dysentery, Brit M J 2 806-807, 1944 

386 Zellweger, H Ueber Eine Dj senterie-Epi- 
demie (Typhus Sonne-Kruse) m Artndienst, Schweiz 
med Wchnschr 24 422-426, 1943 

387 Schutze, H Extracts of Bacterium Shigae as 
Immunizing Agents in [Mouse, J Path &. Bact 55 
457-464, 1943 

388 Goebel, W F, Perlman, E, and Binkley, F 
Antibody Response in Man to Injection of the Specific 
A^ntigen of Type V Shigella Paradysentenae, Science 
39 412-413, 1944 
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a significant factoi in susceptibility to the endo- 
toxin of S paiadysenteiiae'^®'’ 

D’Antoni distinguishes chionic baeillaiy 
d)senteiy in which theie is a continuation of 
the dysenteiic stools, with pus and blood, fiom 
Shigella eohtis, in which theie is only a diaiihea 
of liquid feces In the lattei the oiganisms may 
he difficult to deinonstiatc, 20 examinations of 
stools being lequiied in some instances In the 
150 cases ohseived an aveiage of 5 stool exam- 
inations weie lequiied hefoie a positive diagnosis 
was made 

Felsenfeld,^'’^ with special lefeience to the 
Monilia-Ci 3 'ptococcus-Geotiichum gioup of 
fungi, investigated the mycotic floia of the 
intestinal tiaet of institutionah7ed patients in an 
effoi t to find possible causes of entei ic infections 
other than the common pathogenic bacteiia and 
paiasites The fiist gioup of patients consisted 
of 300 nevly admitted persons and 600 fiom 
the waids for chionic disease, all without intes- 
tinal distui bailees The second gioup consisted 
of 100 chionic typhoid caiiieis The thud 
gioup, composed of patients with diaiihea, was 
subdivided into these classifications 47 in the 
eaily aeute stage of Shigella sonnei and paia- 
d}sentery infections, 51 with bacillaiy dysenteiy 
one week aftei teimmation of tieatment with 
sulfathiazole, and 103 who had food upsets with 
diaiihea of short dtiialion and without deteimin- 
abk cause Of the newly admitted patients 26 6 
pel cent had no fungi The thi ee species of fungi 
weie found m about equal numbeis in the 
lemamdei, and m the majority only one species 
was piesent In the patients fiom the chionic 
waid and the t 3 ^phoid caineis theie was some 
tendenev to haiboi two oi thiee species In the 
“food upset” gioup the incidenee of Geotiichum 
doubled with a 50 pei eent inciease in the 
numbei haiboiing two species In the gioup 
with bacillaiy dysenteiy the incidence of Monilia 
organisms inci eased In the patients with dysen- 
teiy treated with sulfathiazole theie was an 
absolute and a lelative deciease in the incidence 
of all thiee species of fungi 

Cheiiiothe) apy — Succinylsulfathiazole was 

given to 3 d 3 ^senteiy earners in amounts of 0 147,, 
0195 and 0 220 Gm pei kilogiam of body 

389 Zahl, P A , Hulner, S H, and Cooper, F S 
Age as a Factor in Susceptibility of Mice to the Endo- 
toxin of Bacillary Dysentery, Proc Soc Expei Biol 
& Med 54 137-139, 1943 

390 D’Antoni, J A Bacillary Dysentery, with 
Special Reference to the Chronic Form (Shigella 
Colitis), Clinics 2 936-954, 1943 

391 Felsenfeld, O Ycast-hke Fungi in the Intestinal 
Tract of Chronically Institutionalized Patients, Am J 
M Sc 207 60-63, 1944 


weight dail 3 ^ 1 hese amounts did not success- 
fully eliminate the oiganisms fiom the stools 
when given foi seven days, but A\hen given foi 
fouiteen days they did so A fouith patient did 
not lespond to 0 166 Gm of the drug pei kilo- 
giam daily foi fourteen days but was lendeied 
fiee fiom d 3 ^senteiy bacilli by 0 25 Gm pei kilo- 
giam daily foi five days A fifth patient le- 
coveied spontaneously fiom the caiiiei state 
Although lelatively small amounts of succinylsul- 
fathiazole aie effective if continued foi a long 
time, a dosage of 0 25 Gm pei kilogiam daily 
foi five to seven days should unifoimly eliminate 
dysenteiy bacilli fiom the stools of caiiieis in a 
shoit time 

In an outbieak of Sonne dysenteiy involving 
50 children in an orphanage with a total census 
of 14 ^, oiganisms were found m the stools oi 
83'“” The administiatipn of sulfathiazole and 
sulfadiazine in do^es of 1 giain (006 Gm ) and 
sultaguanidine and succin 3 dsulfathiazole in doses 
of 2 giains (0 13 Gm ) pei pound (0 5 Kg ) ot 
body weight cleaied 90 pei cent of the positive 
stools in foul days The lemaining 10 pci cent 
weie cleaied with one oi two additional com sc s 
of tieatment The administiation of the diugs 
caused complete inhibition of giowth of intestinal 
bacteiia foi a time in 80 pei cent of the pei sons 
lieated with sulfadiazine, 63 pei cent of those 
tieated with succinylsulfathiazole and 37 pei 
cent of all ticated with sulfaguanidine 

Sulfaguamdine has been used dining the early 
convalescent stage of Sonne bacillaiy dysenteiy 
in an attempt to shoiten the cairiei state, the 
attempt was unsuccessful when one fourth of 
the theiapeutic dose was given daily, but in 
anolhei cxpciiment in piophylaxis 2 Gm dail 3 
foi ten days given to thiity-six pei sons at the 
outset of an epidemic appaiently pi evented 
d 3 '^senteiy, wheieas of 45 pei sons used as controls 
9 conti acted the disease®"'* Smith""® tieated 44 
young women, mainly S3'’mptomless caiiieis of 
Bacillus dysenteiiae (Flexnei), with massive 
doses, the bacteiiologic lesults weie satisfactor 3 , 
but in 21 of them a toxic lash developed on about 
the ninth da 3 '- of tieatment Eight of 12 patients 

392 Barker, P S The Treatment of Dvscntcrv 
Carrieis with Succin 3 'lsulfatiiiazoIe Observations on 
tlie Minimal Effective Dose, Am J Digest Dis 10 443- 
444, 1943 

393 Eisenoff, H M , and Goldstein, H The Control 
of an Outbreak of Bacillari’- Djscnter}'- with Sulfon- 
amides, JAMA 123 624-626 (Nov 6) 1943 

394 Yannet, H , Deutsch, J V , and Licberman, R. 
The Use of Sulfaguamdine kr Prophjlaxis in Sonne 
D 3 ’sentery and in the Control of the Carrier Slate, Yale 
J Biol & Med 16 443-450, 1944 

395 Smith, H G Sulphaguamdinc for ricxncr 
D 3 'senter 3 ', Brit M J 1 287-288, 1944 
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leacted to a sensitization dose of other sulfona- 
mide compounds , this fact suggests that the 
guanidine radical may be the sensitizing agent 

Thirty carriers of Shigella paradysentenae 
were treated with 20 Gm of sulfaguanidine for 
six days and 55 with 20 Gm of succinylsulfa- 
thiazole for six days Dysentery bacilli disap- 
peared from the stools in every patient, the 
criterion being a minimum of nine consecutive 
negative reports after cessation of treatment 
No significant toxic reactions attended the use 
of either drug, but the patients receiving suc- 
cmylsulfathiazole experienced minor annoyances 
Page reports on 208 cases of bacillaiy dysen- 
tery treated with sulfaguanidine with no deaths 
or serious complications , in 91 per cent Shigella 
paradysentenae was found and in 8 per cent 
Shigella sonnei In 2 8 per cent of the cases, in 
all of which the disease was due to S paiadysen- 
teriae, negative stools weie not obtained aftei 
a ten day course with sulfaguanidine , these 
responded to a five day course of succinylsulfa- 
thiazole In a study of 200 cases of confirmed 
bacillary dysenteiy, sulfaguanidine gave results 
superior, both clinically and bacteriologically, to 
those from aperients and chalk, but, even so, 
30 per cent of the patients still had bacteriologi- 
cally positive stools in convalescence, as 
compared with 50 per cent with the othei treat- 
ments Pyrexia did not appear to influence 
the effect of sulfaguanidine to any great extent 
The use of broth enrichment technic revealed 
many positive results which would have been 
missed if direct plating had been employed 
Baker treated 26 patients with sulfaguanidine 
and 31 patients with sodium sulfate The 
patients receiving sulfaguanidine had a more 
rapid reduction in the diarrhea, less toxemia and 
a quicker return of the rectal mucosa to normal 
on proctoscopic examination Chronic Flexner 

396 Hoagland, R J Hams, F H , and Raile, R B 
Treatment of Bacillary Dysentery Carriers, War Med 
4 400-403 (Oct ) 1943 

397 Page, S G , Jr Sulfaguanidine in the Treat- 
ment of Bacillary Dysenter 3 ', Bull U S Army M 
Dept, 1944, no 72, pp 50-62 

398 Jamieson, W M , Brodie, J , and Stiven, D 
Bacillary Dysentery m Dundee A Comparative Studv 
of Treatments, Brit M J 1 322-324, 1944 

399 Baker, B A The Therapeutic Value of 
Sulfaguanidine m the Treatment of Bacillary Dysentery 
at an Australian General Hospital, M J Australia 1 
435-439, 1944 


dysenteiy treated successfully with succinylsulfa- 
thiazole is reported 

Poth and Ross found that when N4- 
phthalylsulfathiazole is fed to dogs in doses of 
0 25 Gm per kilogram of body weight per day 
the cohform organisms may be completely elim- 
inated from the bowel in three days There was 
no evidence of toxicity The bacteriostatic effect 
is two to four times that of succinylsulfathiazole 
With this dosage the concentration of the drug in 
the blood did not exceed 3 mg per hundred cubic 
centimeters Callomon and Raiziss,^®^ studying 
the bactericidal action of succinylsulfapyrazine 
and malylsulfathiazole against the intestinal 
cohfoim flora of normal mice, found the former 
to be more effective than succinylsulfathiazole 
and equal to sulfaguanidine, whereas the latter ap- 
proximated succinylsulfathiazole in effectiveness 
Foui new sulfonamide drugs — sulfamerazme, 
phthalylsulfadiazine, phthalylsulfameiazine and 
phthalylsulfathiazble — were tested in vitro by 
Schwemburg and Yetwin for their action against 
certain enteric pathogens On the whole, the 
action of these drugs was similar to that of the 
older sulfonamide compounds The shigellas 
proved more susceptible than other organisms 

Boyd and Portnay found that bacteriophage 
of high specific potency was of no prophylactic 
or theiapeutic value in treatment of bacillary 
dysentery 

Choleia — Huang repoits that only 1 of 22 
patients with Asiatic cholera treated with sulfa- 
guanidine died and that the patients showed 
general improvement from three to four hours 
after the beginning of treatment 

400 Caldwell, W A , and Hardwick, S W Chronic 
Flevner Dysentery Treated with Succinylsulphathiazole, 
Lancet 2 544, 1943 

401 Poth, E J, and Ross, C A Bacteriostatic 
Properties of Sulfanilamide and Some of Its Derivatives, 
Texas Rep Biol & Med 1 345-370, 1943 

402 Callomon, F T , and Raiziss, G W Effect of 
Oral Administration of Succinyl Sulfapyrazine on Bac- 
terial (Cohform) Flora of the Intestine of Normal Mice, 

J Pharmacol & Exper Therap 79 200-207, 1943 

403 Schwemburg, F B , and Yetwin, I J I" Nffro 
Action of Sulfamerazme, Phthalylsulfadiazine, Phthalyl- 
sulfamerazine and Phthalylsulfathiazole on Enteric 
Pathogens, New England J Med 230 510-514, 1944 

404 Boyd, J S R, and Portnay, B Bacteriophage 
Therapy in Bacillary Dysentery, Tr Roy Soc Trop 
Med & Hyg 37 243-262, 1944 

405 Huane J S Treatment of Asiatic Cholera 
with Sulfaguanidine, JAMA 125 23-24 (May 6) 
1944 
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ALBRIGHT’S SYNDROME 

(polyostotic fibrous dysplasia with cutaneous pigmentation in both 

SEXES AND gonadal DYSFUNCTION IN FEMALES) 

MALCOLM B DOCKERTY, M D , RALPH K. GHORMLEY, M D , 
ROGER L J KENNEDY, MD, and DAVID G PUGH, MD 

ROCHESTER^ MINN 


The relationship of the paiathyroid gland to 
calcium metabolism had been known for many 
years, but it was not realized until 1926 that 
widespread decalcification of the skeleton can 
be produced by a functioning parathyroid 
tumor This discovery provided a wealth of 
new information relative to the abnormal me- 
tabolism of bone and also furnished the clue to 
successful treatment of hyperparathyroidism 
by surgical extirpation of the tumor In certain 
cases, however, the clinical picture was not en- 
tirely typical of hyperparathyroidism ^ The 
bony lesions developed in childhood and were 
spotty or disseminated rather than general- 
ized - and sometimes were predominantly uni- 
lateral ® Extraskeletal abnoi mahties, such as 
large areas of cutaneous pigmentation, were 
noted, and in females precocious puberty was an 
outstanding feature ^ Three seemingly dissoci- 
ated manifestations, namely, disseminated fibro- 
sis of bone, cutaneous pigmentation and 
precocious puberty among females, completed 
a syndrome which Albright and his co-work- 
ers ° described in 1937 and which since that 
time generally has been known as Albright’s 
syndrome 

From the Division of Surgical Pathology (Dr 
Dockerty), the Section on Orthopedic Surgery (Dr 
Ghormley), the Section on Pediatrics (Dr Kennedy) 
and the Section on Roentgenology (Dr Pugh) of the 
Mayo Clinic 

1 Meyerding, H W Cystic and Fibrocystic Dis- 
ease of the Long Bones, Am J Orthop Surg 16 253- 
276 (Sept), 367-222 (Oct) 2918 

2 Freund, E , and Meffert, C B On the Different 
Forms of Non-Generalized Fibrous Osteodystrophy 
The Localized, the Diffuse Monostotic, the Unilateral 
and the Monomelic Form, Surg , Gynec & Obst 62 
541-561 (March) 1936 

3 Moehhg, R C, and Schreiber, F Polyostotic 
Fibrous Dysplasia Report of a Case with Unilateral 
Involvement, Am J Roentgenol 44*17-23 (July) 1940 

4 Borak, J, and Doll, B Halbseitige Reckhng- 
hausensche Knochenkrankheit mit Puberta^ praecox, 
Wien klin Wchnschr 47 540-541 (April) 1934 


In addition to furnishing clinical, roentgeno- 
logic and pathologic evidence which established 
this condition as a fairly definite entity, Al- 
biight stated it could be differentiated from 
hypeiparathyroidism ° Thus surgical explora- 
tion of the neck could be avoided His theory 
of the causation of this disease, namely, that the 
manifestations arose as a result of a congenital 
developmental defect involving many types of 
tissue, is perhaps hypothetic, but it has not yet 
been superseded b}'- anything more specific or 
enlightening 

Albright’s original communication stimulated 
intense interest in the syndiome which now 
bears his name, and other investigators pre- 
sented isolated cases they had observed per- 
sonally and cited from the literatuie earlier 
cases which had been hidden under a veil of 
obscure terminology Prominent among these 
investigators were Lichtenstein and * Jaffe ’’ 
Their attention was focused particularly on the 
associated lesions of bones, for which they 
coined the term polyostotic fibrous dysplasia 
T'hey attempted to show that m all cases studied 
the nucleus of the disorder seemed to center in 
the bony lesions, which when widespread were 

5 Albright, F , Butler, A M , Hampton, A O , 
and Smith, P Syndrome Characterized by Osteitis 
Fibrosa Disseminata, Areas of Pigmentation and Endo- 
crine Dysfunction, with Precocious Puberty in Females 
Report of Five Cases, New England J Med 216*727- 
746 (April 29) 1937 

6 Albright, F , Scoville, B , and Sulkowitch, H 
W Syndrome Characterized by Osteitis Fibrosa Dis- 
seminata, Areas of Pigmentation, and a Gonadal D^s- 
function Further Observations Including the Report 
of Two More Cases, Endocrinology 22 411-421 (April) 
1938 

7 (a) Lichtenstein, L Polyostotic Fibrous Dys- 
plasia, Arch Surg 36 874-898 (May) 1938 (b) Lich- 

tenstein, L , and Jaffe, H L Fibrous Dysplasia of 
Bone A Condition Affecting One, Several or Many 
Bones, the Graver Cases of Which May Present Ab- 
normal Pigmentation of Skin, Premature Sexual De- 
velopment, Hyperthyroidism or Still Other Extraskeletal 
Abnormalities, Arch Path 33*777-816 (June) 1942 
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associated sometniies with one or more of the 
other manifestations of Albright’s syndrome 
At the present time many of the older terms, 
such as osteitis fibrosa disseminata and focal 
osteitis fibrosa cystica, have been leplaced to 
some extent by the term Albright’s syndrome or 
polyostotic fibrous dysplasia, or by both 

No useful purpose would be served by a fur- 
ther discussion of the historical events that led 
up to the newer conception of this disease This 
material has been presented in many excellent 
articles which have appeared with increasing 
frequency since 1937 Two of the more recent 
and complete reviews were made by Neller ® 
m 1941 and by Gorham and co-workers ° 'in 
1 942 The last-named investigators tabulated 
data gleaned from recorded cases of Albright’s 
syndrome as it appears in both its complete and 
its incomplete form Our purpose in this papei 
IS to add to then table the case of Shallard 
and 6 cases encountered at tlie Mayo Clinic 
(outlined in the table) 

REPORT or CASES 

Case 1 — A white woman 35 years of age came to 
the clinic on Jan 12, 1943^1 During March 1942, in 
the second trimester of her third pregnancy, she bad 
sustained a pathologic fracture of the right femur 
This apparently had healed under ordinary methods 
of treatment, but it was followed by a foot drop on 
the same side This in addition to the gradual enlarge- 
ment of a known pelvic tumor made the patient seek 
medical advice at the clinic 

The salient features in the patient’s past history 
were as follows At the time of birth she had weighed 
4 pounds (1,815 Gm ) and her twin brother 8 pounds 
(3,629 Gm ) At birth she had large brown spots on 
the right cheek, neck and posterior cervicothoracic 
region, as well as on both buttocks and the left thigh 
She stated that she had grown and matured rapidly, 
her height at 10 years of age exceeding that of her 
twin by an inch (2 5 cm ) By the age of 14 she had 
attained her maximal height of only 4 feet, 11 inches 
(150 cm ) Her twin had continued to grow steadily 
until the age of 17, at which time he was 6 feet 
(183 cm ) m height At the age of 7 years menstrua- 
tion had begun, concomitant early enlargement of the 
breasts occurred She had married at the age of 24 
and subsequently had gone through three pregnancies 

8 Neller, J L Osteitis Fibrosa Cystica (Albright), 
Am J Dis Child 61 590-605 (March) 1941 

9 Gorham, L W , Campbell, E H , Howard, W P , 
Donhauser, J L, and Rust, N H Albright's Syn- 
drome A Group of Cases Characterized by Osteitis 
Fibrosa Disseminata, Areas of Pigmentation and a 
Gonadal Dysfunction, Clinics 1 358-385 (Aug ) 1942 

10 Shallard, B T Osteitis Fibrosa Disseminata, 
U J Australia 1 558-560 (April 20) 1940 

11 This is a summary of a case previously reported 
in detail (Dockerty, M B , Meyerding, H W , and 
Wallace, G T Albright’s Syndrome [Fibrous Dys- 
plasia of Bones with Cutaneous Pigmentation in Both 
Sexes and Gonadal Dysfunction in Females], Proc 
Staff Meet, Mayo Clin 19 81-88 [Feb 23] 1944) 


Physical examination at the clinic revealed a short 
woman who had a protuberance of the lower part of 
the abdomen, a foot drop on the right side and large, 
irregular, deeplj" pigmented areas of skin in the loca- 
tions previously mentioned (fig 1) The right leg, in 
comparison with the left leg, was somewhat atrophied 
and was 2 inches (5 cm ) shorter The achilles reflex 
was absent on the right side, and the Babinski sign 
was positive bilaterally 

Roentgenograms of the skeleton revealed lesions that 
were interpreted as being typical of osteitis fibrosa 
The locations of these lesions are shown in figure 2 
The greatest involvement was in the right lower ex- 
tremity The right femur showed evidence of a healed 
pathologic fracture in its middle portion The con- 
centrations of scrum calcium, phosphorus, phosphatase, 
cholesterol and so forth were well within the limits 
of normal, indicating that the bony lesions w'ere prob- 



Fig 1 (case 1)— Pigmented areas (a) on buttocks, 
left thigh and right cervicothoracic region and (b) on 
chin, right mandibular and anterior cervical regions 
The abdominal distention is the result of the underlying 
pelvic tumor 

ably quiescent The concentration of estrogen in the 
urine was normal 

At operation on January 14 a lateral incision below 
the trochanter of the right femur disclosed normal 
periosteum and a thinned cortex investing a centra 
portion which was mottled red and grayish white and 
of a soft, cheesy consistency Some of this tissue and 
a small portion of pigmented skin of the right buttock 
w'ere removed for biopsy (fig 3), and the observations 
were similar to those described in the subsequent cases 

At operation on February 1, a large mucinous cyst- 
adenoma was removed from the left ovary Biopsy of 
the right ovary was performed and showed normal 
ovarian cortex 

The patient made an uneventful convalescence from 
both operations and was dismissed after a regimen of 
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aluminum acetate had been started according to the 
method advised by Helfet^^ 

Comment — This case is extremely interest- 
ing in that the patient had reached middle age 
before the bony disease manifested itself by the 
occurrence of the pathologic fracture of the right 
femur Yet clinical and chemical studies one 
^ear later revealed that the pathologic process 
in the bones already had become quiescent The 
onset of menses at the age of 7 years indicated 
premature sexual development The fact that 
the patient grew faster than her twin brother 
but stopped growing at the age of 14, while he 
continued to grow until the age of 17, suggested 



Fig 2 (case 1) — Zones of fibrocystic involvement of 
bones (black areas) Sites of pathologic fractures are 
indicated by “x ” 

precocious somatic development followed by 
premature arrest of growth The pigmented 
areas of the skin were large and well defined 
The presence of a large mucinous cystadenoma 
of the left ovary, which was apparently coinci- 
dental, also adds to the interest of this case 

i 

Case 2 — A white girl 6 years of age was brought 
to the clinic on Aug 7, 1942, because of a broken left 

12 Helfet, A J A New Conception of Parathyroid 
Function and Its Clinical Application A Preliminary 
Report on the Results of Treatment of Generalized 
Fibrocystic and Allied Bone Diseases and of Rheuma- 
toid Arthritis by Aluminum Acetate, Brit J Surg 
27 651-677 (April) 1940 


leg For three weeks she had been confined to her 
bed because the upper portion of the left leg had 
snapped under circumstances that suggested the pres- 
ence of a pathologic process Previous to this accident 
she had walked lamely on the left leg for two years 

The mother stated that the child had weighed 7 
pounds (3,175 Gm ) at birth, that the neonatal period 
had passed without incident and that early growth and 
development had been normal She had walked at the 
age of 1 year and talked at 18 months and had just 
completed her first year of school She had suffered 
from scarlet fever, whooping cough, measles and mumps 
between the ages of 1 and 5 years, but none of these 
childhood diseases had been associated with compli- 
cations 

The patient had had three episodes of vaginal bleed- 
ing, which had occurred at the ages of 1^ years, 2j4 
years and 3 years When she was about 3 years of 
age, her mother had noted enlargement of both the 
child’s breasts and the appearance of fine suprapubic 
hairs 

Physical examination revealed a thin girl who was 
irritable and definitely precocious The breasts were 
developed to the extent expected in a girl of 16 years 
There was a fine growth of axillary and pubic hair 
The left leg, which was encased m a Thomas splint, 
was swollen and tender in its upper portion Any 
movement of the leg produced severe pain A large 
area of cutaneous pigmentation was present on the 
inner aspect of the left thigh A napkin designed to 
protect the perineum against traumatic irritation by 
the splint was blood stained The blood was found 
to be vaginal in origin 

The results of laboratory examinations were essen- 
tially negative The concentrations of serum calcium 
and serum phosphorus were within normal limits, and 
the value for serum phosphatase was 3 9 Bodansky 
units Roentgenograms revealed cystic disease of the 
entire left femur, with a pathologic fracture through 
a region of osteitis fibrosa located just below the 
greater trochanter Some degree of periosteal reaction 
was evident Similar zones of osseous rarefaction were 
noted in the region of the trochanter of the right 
femur, the right ilium, the left fibula and the left 
acetabulum (fig 4) Roentgenograms of the skull, 
spinal column, l6ft and right upper extremities and 
right lower extremity revealed no other abnoimality 
except a bone age consonant with a chronologic age of 
13 years 

Surgical exploration on August 13 revealed a patho- 
logic fracture through a cystic cavity in the upper end 
of the left femur The cavity, which was surrounded 
by a thin shell of cortical bone, was filled with blood 
clots and disorganized reddish gray tissue Laboratory 
examination of some of this tissue ruled out the possi- 
bility of cancer The existence of Albright s syndrome 
was suggested by the microscopic appearance of the 
fresh tissue, which was compatible with that of osteitis 
fibrosa Accordingly the cavity was bridged by an 
autogenous bone graft removed from a healthy portion 
of the left tibia The leg was immobilized by appli- 
cation of a cast 

Shortly after the operation the use of aluminum 
acetate was instituted, according to the method advised 
by Helfet, and this therapy was continued after the 
patient’s dismissal At the time of preparation of this 
report in August 1944, the parents had reported that 
the fracture had healed satisfactorily, but they had 
expressed concern over recurrence of the menstrual 
bleeding 
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Fig 3 (case 1) — (a) Tjpical microscopic picture of bony lesions in Albright’s syndrome showing extensive 
osteitis fibrosa with spicules of degenerating bone and no particular osteoclastic absorption (X US), (fi) lesion 
from the skin of the buttock showing pronounced hyperpigmentation of the basal layers of the epidermis and no 
suggestion of formation of nevus (X 165) 



Fig 4 (case 2) —Zones of fibrocystic involvement of 
bones (black areas) Site of pathologic fracture is 
indicated by “X ” 

The pathologic tissue was reddish gray, obviously 
infiltrated with blood, friable and gritty to palpatiim 
Microscopically the basic element appeared to be 
spindle-shaped fibroblasts loosely or compactly arranged 
in a picture resembling osteitis fibrosa (fig 5 a) 


Three variations from this picture were noted 1 In 
some areas giant cells were present m such abundance 
that a diagnosis of benign giant cell tumor appeared 
warranted from a study of isolated fields (fig 5 h) 
Moreover, these giant cells contained as many as sixty 
to eighty nuclei and were indistinguishable from those 
encountered m typical giant cell tumor This feature 
IS in contrast to that generally reported in the litera- 
ture that IS, that in polyostotic fibrous dysplasia giant 
cells are scanty or absent and when present demonstrate 
many atypical degenerated forms 2 In other areas 
microscopic spicules of degenerating bone which did not 
appear to be surrounded by osteoclasts were present 
Such an observation is in keeping with those of Jaffe 
3 Hemorrhage, old and recent, was everywhere in evi- 
dence, and where infiltration (fig 5 c) of the tissues 
with hemosiderin was heaviest numerous foam cells 
appealed in small collections (fig 5 d) In the past 
such a picture has been interpreted to mean that the 
entire process is on the basis of caseous xanthomatosis 
However, focal accumulations of foam cells occasionally 
may be found in any lesion m which hemorrhage leads 
to destruction of tissue Their presence under these 
circumstances is on the basis of phagocytosis of lipoid 
material liberated after the disintegration of cells, and 
the postulation of a generalized condition of lipodys- 
trophy becomes unnecessary 


13 Snapper, I , and Parisel, C Xanthomatosis Gen- 
erahsata Ossium, Quart J Med 2 407-417 (July) 1933 

14 Boenheim, C Frage der nervosen Komplica- 
tionen bei spezifischkindlichen Infektionskrankheiten und 
Vaccination, Klin Wchnschr 6 1552-1555 (Aug 13) 
1927 Ford, F R , and Guild, H Precocious Puberty 
Following Measles Encephalomyelitis and Epidemic 
Encephalitis, with Discussion of Relation of Intracranial 
Tumors and Inflammator} Processes to Syndrome of 
Macrogenitosomia Praecox, Bull Johns Hopkins Hosp 
60 192-203 (March) 1937 
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Comment — The salient clinical features in 
this case might be listed as the occurrence of 
precocious puberty and cutaneous pigmentation 
in association with osseous lesions which were 
not widespread The impression one obtains 
from the literature is that the extraskeletal 
changes accompany only the most florid ex- 
amples of polyostotic fibrous dysplasia In this 


clastic type and of focal accumulations of foam 
cells constituted unusual observations 

Case 3— A white girl 14 years of age was brought 
to the clinic on Aug 3, 1911, complaining of a tumor 
of the right forearm that had been present for one year 
One month previously a specimen of the growth had 
been removed for biopsy and had been thought to reveal 
giant cell sarcoma Amputation had been advised, but 



Fig 5 (case 2) — (a) Widespread replacement of bone with fibroblastic cells is apparent, the tissue is re a- 
tively avascular (x 180) (fo) Isolated zone presents a picture compatible with that of benign giant cell tumor 
of bone, the giant cells possess large numbers of nuclei, some blood pigment is present (X HO) 
ating spicules of bone appear in a fibrous matrix impregnated with hemosiderin pigment (X 200) (o) Iso ^e 

focus contains large numbers of foam cells, presence of these cells does not nullify a diagnosis of rig ts 
disease as was formerly thought (X HO) 


case almost the reverse was true The unilateral 
character of the osseous lesions was in keeping 
with previously observed tendencies in Al- 
bright’s syndrome The presence on pathologic 
examination of typical giant cells of the osteo- 


permission was refused by the parents Eight years 
prior to admission the patient had sustained a patho- 
logic fracture of the right humerus Resection of the 
upper 3 inches (7 6 cm ) of the right radius was per- 
formed at the clinic on August 5 for a giant cell tumor 
Convalescence was uneventful 




DOCKERTY ET AL— ALBRIGHT’S SYNDROME 


363 


The patient returned in 1918, complaining of a tumor 
of the forehead and of another in the region of tiie right 
ankle Both tumors had been painless and had grown 
slowlj’’ The clinical record includes brief descriptions 
of semisolid osseous tumors in the locations mentioned 
and of a thoracic scoliosis Roentgenograms of the 
two bony lesions were interpreted as revealing osteitis 
C 3 ''stica of rather pronounced degree At operation on 
Februarj’’ 14, the cystic degeneration was found to in- 
volve apparently the entire diaphysis of the right tibia 
The cortex was thin and trabeculated Contents con- 
sisted of fibrous degenerating material and some bone 
It varied m density from soft cartilage to osseous 
material In some regions it could be removed by curet- 
tage, and in others it was necessary to use the chisel 
On examination the tissue removed presented the pic- 
ture of osteitis fibrosa 

The third admission of this patient to the clinic oc- 
curred m 1928 She complained of swelling of the upper 
portion of the right arm of fifteen months' duration 




Fig 6 (case 3) — Zones of fibrocystic involvement 
ot bones (black areas) Shaded areas show distribu- 
tion of pigmentation 

The condition had come on rather suddenly and had 
been accompanied in the early stages by local pain and 
disability The patient’s history was reviewed carefully 
at this time and the following information was added 
to the clinical record Menstruation, which had begun 
when the patient was 11 years of age, had been normal 
for about six months but always had been irregular 
thereafter No pertinent data were noted regarding 
other evidences of precocious puberty However, the 
patient’s height of only 4 feet, 9 inches (144 7 cm) 
possibly represented precocious arrest of somatic devel- 
opment In similar cases reported in the literature a 
short stature had been interpreted as being the end 
result of precocious changes in the bones Four areas 
of cutaneous pigmentation were found on the patients 
back The largest of these, 3 2 inches (8 cm ) m diam- 
eter, was located over the lower angle of the left scapula 
The other three areas were located on the left buttock, 
over the middle portion of the right scapula and on the 
back of the left thigh A moderate degree of thoracic 


scoliosis was appaient A tumor of osseous origin was 
located in the frontal region of the right humerus and 
another m the middle portion There was no measur- 
able shortening of any one of the four extremities, and 
the only limitation of motion observed was m the region 
of the operative scar around the right elbow joint 
Determinations of serum calcium revealed normal 
values Roentgenographic studies of the bones of the 
extremities revealed lesions of the right humerus, right 
radius, right tibia and right femur which were inter- 
preted as osteitis fibrosa The lesion in the right 
humerus also showed evidence of an old incomplete 
fracture with some regional thickening of the bone m 
the area of clinical tumefaction The right frontal region 
of the skull on roentgenographic study demonstrated 
changes similar to those present in the extremities 
Inasmuch as the bony lesions were causing no par- 
ticular disability, operation was not urged, and the 
patient was sent home with instructions regarding a 
diet rich in minerals She was advised to return if 
there was any adverse change in her condition 

The patient was last admitted to the clinic on Feb 
14, 1940 She sought advice concerning a tumor in 
the breast, which proved at operation to be benign 
Clinically the orthopedic condition appeared to be 
quiescent The values for serum calcium and serum 
phosphoius were within normal limits, but that for serum 
phosphatase was slightly increased (6 8 Bodansky units) 
Roentgenographic studies of the bones previously ex- 
amined revealed little change from earlier observations, 
however, a thorough roentgenologic review revealed 
lesions m the right ilium and first, second, third, fourth 
and fifth ribs on the right (fig 6) A cystic area in 
the right zygomatic bone and increased density in the 
legion of the frontal sinuses were noted The only 
osseous lesion on the left side of the body was a small 
zone of rarefaction in the fourth rib The patient was 
discharged without any special orthopedic treatment 
The pathologic material available for study consisted 
of the upper segment of the right radius and a few 
SCI apings from the right tibia, both of which had been 
fixed for years in formaldehyde solution (10 per cent 
of the U S P concentration) On gross examination 
of the radial lesion, the cortex was found to be of 
eggshell thinness and was expanded m the form of a 
thin capsule over a brownish gray mass of tissue which 
replaced both marrow and substantia spongiosa in the 
upper third of the bone This mass measured 9 by 7 
by 6 cm and was of rubbery consistency but contained 
identifiable spicules of bone It was solid throughout 
except for a small central zone of liquefactive soften- 
ing The lesion impinged on, but apparently did not 
invade, the epiphysial end of the radius, which, with 
the capitulum, was intact and firmly fused with the 
diaphysis proximal to the previously mentioned region 
of softening (fig 7 a) Microscopic sections made from 
the various parts of the lesion and stained routinelj 
with hematoxylin and eosin revealed pictures compar- 
able in many respects to those described in case 2 In 
many areas the picture was typical of benign giant cell 
tumor In others the appearance recalled that of osteitis 
fibrosa cystica with a paucity of osteoclasts Spicules 
of degenerating bone were observed lying in zones 
which demonstrated little bj way of reactive absorp- 
tion In addition, main areas of joung osteoid tissue 
v\ ere surrounded by a ring of osteoblasts (fig 7 b) 
Several small islands of voung cartilage were encoun- 
tered (fig 7 c), but onlv an occasional foam cell was 
found Blood vessels were in general few, but evidence 
of previous hemorrhage in the form of scattered dc- 
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posits of hemosiderin was everywhere apparent Sec- 
tions similarly prepared from the tibial lesion duplicated 
for the most part the microscopic patterns of sections 
prepared from the radial lesion (fig 7 d) No car- 
tilaginous elements were observed in any of the sections 
The salient clinical features in this case were the 
long evolution of the disease wuth periods of exacerba- 
tion and of remission covering a period of thirty years 
and the recent clinical quiescence of the lesions in spite 
of chemical activity as evidenced by the high level of 
serum phosphatase Whether the onset of menses at 
the age of 11 years represented actual sexual precocity 
and whether an ultimate height of 4 feet, 9 inches 
(144 7 cm) actually indicated premature arrest of 
growth are questions that are perhaps somewhat 
equivocal 


Case 4 — A white girl 3 years of age was brought 
to the clinic on July 30, 1928, because of a lump on 
the right leg and difficulty in walking for one year 
The family history was noncontributory The patient 
was the younger of two children, her sister always 
had been perfectly w'ell The patient’s birth and early 
development had been normal, but when she was about 
12 months of age the parents had noted that the right 
leg was shorter than the left At the age of 18 months, 
when the patient had begun to walk, a limp of the 
right leg was evident Shortly thereafter the parents 
had noted a small lump in the middle portion of the 
right thigh Since birth there had been an area of 
discoloration on the back of the head, and this area 
had always been devoid of hair The child always 
had been bright mentally 



Fig 7 (case 3) — (a) Upper end of the resected radius proximal to the ‘‘brown tumor” (note the intact appear- 
ance of the radial epiphysis) (X 4) , (6) islands of osteoid tissue apparently surrounded by rings of dark-staining 
osteoclasts, some spicules of degenerating bone also present, osteoclastic activity minimal (X 100), (c) an island 
of cartilage in a zone of osteitis fibrosa cystica (X 180) , (</) osteitis fibrosa of tibia with a fair number o 
giant cells (XlOO) 


The osseous changes observed roentgenologically 
were almost exclusively on the right side, but the 
pigmented spots were located chiefl 3 " on the opposite 
side This observation is recorded as being unusual, 
according to the literature on this bizarre disease 

Comment — ^This case is unusual from the 
pathologic standpoint in that a local so-called 
brown tumor of bone was diagnosed and treated 
in a fairly radical manner as a giant cell tumor 
These tumors are of rare occurrence in the cases 
of Albright’s syndrome recorded in the litera- 
ture 


Physical examination at the clinic revealed a well 
developed, well nourished child whose height was 
feet, 2 inches (96 5 cm) and whose weight was 33 
pounds (15 Kg ) She walked with a limp that appar- 
ently resulted from the fact that the right leg was 
1 6 inches (4 cm ) shorter than the left Some atrophy 
of the right leg was also present, and mild genu 
valgum was apparent A moderate degree of e t 
thoracolumbar scoliosis tvas interpreted as being com- 
pensatory m nature Motions of the afflicted limb 
apparently were not limited, and no pain was elicited 
on pressure A large area of alopecia was present on 
the occipital region of the scalp, and the skin overlying 
this area was pigmented There was no evidence of 
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facml asymmetry, but asymmetry was noted m the 
region of tlie vulva, with apparent hypertrophy of the 
right labial folds Examination of the thorax gave a 
negative result, except that a loud systolic murmur 
was heard over the entire precordial region This 
murmur was transmitted to the left axilla and back 
and was not accompanied by a thrill, and it was thought 
to be attributable to a congenital cardiac defect that 
was not of a serious nature 
Results of laboratory examinations were essentially 
negative Roentgenograms of the right lower and 
right upper extremities were interpreted as giving 
evidence of osteitis fibrosa, with the suggestion of a 
pathologic fracture involving the upper end of the 
right tibia No osseous change in the ribs was noted 
m roentgenograms of the thorax 



Fig 8 (case 4) —Zones of fibrocystic involvement of 
bones (black areas) Site of pathologic fracture is 
indicated by ‘‘X ” 

The consensus was that the patient was suffering 
from multiple congenital developmental defects Since 
no specific treatment was known at that time, the 
parents were advised to bring her back periodically 
for reconsideration and for such symptomatic treatment 
as might be indicated by complications resulting from 
a possible progression of the osseous lesions 

From 1928 to 1932, the patient made yearly visits 
to the clinic Roentgenological ly the osseous lesions 
appeared progressive m extent and severity, although 
there was little clinical disability Complete absence 
of typical symptoms seemed to rule out a diagnosis of 
parathyroid tumor The possibility of xanthomatosis 
was considered, but a biopsy m 1932 of the osseous 
lesion of the right tibia demonstrated the picture of 
osteitis fibrosa without the presence of foam cells 


In 1934, a pathologic fracture was sustained through 
cystic lesions involving the lower ends of the right 
tibia and fibula Fixation was accomplished by means 
of homogenous grafts Roentgenograms made at the 
clinic were interpreted as revealing pronounced fibro- 
cystic disease involving the femur, ilium, tibia and 
fibula on the right, both arms, right clavicle and acro- 
mion of the right scapula, ninth and tenth thoracic 
vertebrae, pelvis, right sacroiliac and acetabular regions, 
second right rib and eleventh left rib (figs 8 and 9) 
A considerable increase was noted in the extent of 
similar lesions of the skull in comparison with the 
degree of previous involvement (fig 9 b) Some asym- 
metry was noted, the right parietal bone being thicker 
than the left The value for serum calcium was 9 7 
mg, for serum phosphorus 6 0 mg and for serum 
phosphatase 6 2 Bodansky units, per hundred cubic 
centimeters 

The patient returned to the clinic in 1941 She 
had sustained a pathologic fracture of the right femur 
in 1937 Several attempts to secure proper fixation 
by the method of open reduction had been unsuccess- 
ful An attempt to add information to the clinical 
record also revealed that she began menstruating shortly 
after her twelfth birthday 

Small fragments of tissue preserved in formaldehyde 
solution (10 per cent of U S P concentration), which 
represented material removed from the tibia in 1932 
and during the procedure of bone grafting in 1934, 
were available for study Microscopic sections of both 
specimens stained with hematoxylin and eosin demon- 
strated the presence of osteitis fibrosa with a variable 
number of giant cells (fig 10 a) and complete absence 
of foam cells Some cartilage was present (fig 10 &) 
In both specimens fragments of degenerating bone were 
present, as well as islands of osteoid tissue surrounded 
by zones of reactive osteoblasts Considerable evidence 
of recent hemorrhage was evident in the tissue removed 
in 1934 from the site of the fracture but was absent 
in the specimen obtained for biopsy in 1932 

Comment — In this case the history is of 
“bone trouble” that Avas slow in evolution, be- 
ginning in childhood and continuing through 
adolescence with exacerbations and remissions 
It was accompanied by the occurrence of a pecu- 
liar area of pigmentation of the scalp associated 
with localized alopecia The fact that the pa- 
tient’s height measured 3 feet, 2 inches (97 cm ) 
at the age of 3 years, 4 feet (122 cm ) at the age 
of 6 and only 4 feet, 5 inches ( 135 cm ) at the 
age of 15 might Avell indicate that an early ac- 
celeration of groAvth perhaps had been arrested 
prematurely This obseivation is m accord Avith 
the obserA^ed phenomena of Albright’s syn- 
drome Precocity completed the bizarre clinical 
picture, but this precocity, except for the labial 
h 3 'pertrophy, AA^as characterized by early somatic 
rather than early sexual deA^elopment The 
observed A^alue for serum phosphatase Avas prob- 
ably loAver than that expected, considering the 
extent and actiAut} of the osseous lesions The 
delayed union in the healing of the femoral 
fracture Avas perhaps unusual Roentgeno- 
graphic highlights consisted of the dcA^elopment 
of neAv lesions Avith a predilection for bones on 



366 


ARCHIVES OF INTERNAL MEDICINE 


the right side, an increase in severity and extent 
of older lesions with maximal changes in the 
lower extremities, thickening of bones of the 
cranial vault and sparing of bony epiphyses 

Case 5 — white man 28 years of age was admitted 
to the clinic on July 6, 1937, complaining of a porous 
condition of his bones The family history was not 
significant Childhood diseases included measles, mumps, 
whooping cough and chickenpox, none of which was 
described as being particularly severe He had had 


after a period of two months The patient stated that 
he had cracked his ribs on many occasions, the first 
of these incidents occurring when he was 14 years of 
age No positive information was elicited concerning 
the date of the onset of puberty 
Physical examination revealed a deformed, short man 
whose height was slightly more than 5 feet (152 cm ) 
and whose weight was 126 pounds (57 Kg) Con- 
siderable outward bowing of the upper portion of the 
left arm was apparent The left arm was 2 4 inches 
(6 cm) shorter than the right There were also well 
defined thoracic kyphosis and lumbar scoliosis The 



Fig 9 (case 4) — Lesions of disseminated osteitis fibrosa involving (a) right femur and right ilium, (b) right 
parietal and left temporal regions of skull, (c) and (d) right tibia and right fibula with two pathologic frac- 
tures of tibia, (e) right upper extremity and (/) left radius and ulna Lesions are characteristically spotty in 
distribution and predominantly unilateral and demonstrate a notable sparing of epiphyses For complete picture 
of skeletal lesions see figure 8 


influenza in 1928 and gonorrhea in 1930 In 1929 the 
patient sustained a fracture of the left humerus when 
he attempted to lift a roll of rubber down from a 
shelf Roentgenograms at that time revealed a cystic 
condition immlving several bones The fracture appar- 
entlj healed One year later the patient slipped and 
fell, again fracturing the left humerus A third frac- 
ture of the same bone occurred in 1935 under circum- 
stances which indicated the presence of a pathologic 
process A cast was applied, and union was secured 


patient had a barrel chest, and even wLen he assumed 
the standing position the lower ribs almost overrode 
the crests of the ilium Tw'o laige areas of cutaneous 
pigmentation were noted over the region of the sacrum, 
one on each side In addition, numerous freckles were 
scattered over the body The external genitalia were 
normal except for the presence of varicocele on the left 
side An enlarged thyroid gland constituted the only 
other important observation on clinical examination, 
which included a neurologic investigation 
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Erythrocytes numbered 5,160,000 and leukocytes 7,400 
for each cubic millimeter of blood The value for 
hemoglobin was 15 3 Gm per hundred cubic centimeters 
of blood Urinalysis and the flocculation test revealed 
nothing abnormal The value for serum calcium was 
9 6 mg per hundred cubic centimeters and for seium 


Roentgenograms, interpreted as showing the picture 
of osteitis fibrosa, showed lesions in the following loca- 
tions sternum, left scapula, third, fourth, fifth, sixtli 
and seventh ribs on the left and seventh rib on the 
right (fig 11) , first metacarpus and entire radius on 
the left (fig 12 cr), left humerus (fig 12 6), and eighth 



Fig 11 (case 5) — Lesions of osteitis fibrosa involv- 
ing (fl) ribs and scapula on left and (6) middle portion 
of sternum with expansile type of lesion 

phosphorus 3 4 mg per hundred cubic centimeters, and 
the activity of serum phosphatase was equivalent to 
10 4 Bodansky units 


Fig 12 (case 5) — Lesions of osteitis fibrosa involv- 
mg (a) first metacarpal bone and entire radius on tlie 
left and (6) entire left humerus Zones of imohement 
predominantly left-sided Complete skeletal in%ohc- 
nient shown in figure 13 
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and ninth thoracic vertebrae with compression fractures 
and destruction of the pedicles There were similar 
cystic changes in the second lumbar vertebra and in 
the wing of the sacrum on the right side (fig 13) 
What appeared at first to be a calculus in the left 
kidney proved on further investigation to be a large 
cystic defect involving the posterior portion of the 
twelfth rib on the left Because the lesions were pre- 
dominantly unilateral the roentgenologists suggested 
that they were probably not the result of hyperpara- 
thyroidism The bones, other than those previously 




Fig 13 (case 5) — Zones of fibrocystic involvement 
of bones (black areas) Posterior view shows scapular 
and vertebral lesions Site of pathologic fracture is 
indicated by “X ” 

mentioned, were roentgenoscopically normal They 
suggested a diagnosis of polyostotic fibrocystic disease 
but were unable to rule out the possibility of myeloma 
On exploration of the left humerus on July 7, a 
small cyst was encountered aftec a thin shell of cortical 
hone was unroofed A thick yellowish membrane was 
in apposition with the bone and surrounded a cavity 
filled with serous fluid The medullary cavity was 
greatly expanded Microscopic examination of a piece 
of the wall of the cyst and bactenologic studies of 
some of the fluid revealed nothing of significance On 
July 16 a small specimen was removed for biopsy from 
one of the pigmented areas over the sacral region 
The patient was dismissed on the same day When 
he was last heard from in 1941, he was still having 
trouble with recurrent fractures 

The pathologic material in this case consisted of a 
few small fragments of tissue from the capsule of the 
humeral cyst and tissue removed for biopsy from the 
skin in the area of pigmentation Both specimens had 
been fixed in formaldehyde solutions (10 per cent of 
the U S P concentration) Sections prepared from 
the wall of the cyst revealed the picture of osteitis 
fibrosa with masses of fibroblastic cells looselj or 
compactly arranged in a rather avascular tissue 
There were a few spicules of degenerating bone but 
practically no osteoid tissue Giant cells were few 


and widely dispersed, and foam cells were absent 
Numerous red blood cells were present, and the tissue 
was impregnated with granules of hemosiderin Sec- 
tions made from the cutaneous lesion microscopically 
resembled those described in the literature on Albright’s 
syndrome and presented the appearance of pronounced 
hyperpigmentation of the basal layers of the stratum 
granulosum (fig 14) There were no nevus cells or 
evidences of neurofibromas within the dermis 

Comment — In this case of Albright’s syn- 
drome occurring in a male, progressive lesions 
of the bones developed relatively late, were pre- 
dominantly on the left side and involved chiefly 
the upper portions of the skeleton A somewhat 
short stature naturally raised the question of 
possible precocious development with early ar- 
rest of somatic growth The presence of the 
pigmented spots completed the syndrome 



Fig 14 (case 5) — Section of skin from pigmented 
area The features of hyperpigmentation of the basal 
layers duplicate that illustrated in figure Zb (x 165) 

Case 6— A white boy 10 years of age was brought 
to the clinic on Feb 13, 1941, for consideration of 
“bone trouble” which had been present for three years 

The family history was not significant, and early 
development had been normal No sequelae had re- 
sulted from such childhood diseases as whooping cough, 
measles and chickenpox When the patient was 7 years 
of age, the parents noted that he walked with a limp 
in the left leg Medical advice was sought, and a diet 
rich in vitamins and minerals was recommended 
Roentgenograms at that time were interpreted as re- 
vealing polyostotic fibrous dysplasia, a diagnosis whic i 
was confirmed by biopsy of a fragment of bone from 
the left hip and of a lesion involving one of the ribs 
on the right side The values for serum calcium, 
phosphorus and phosphatase were approximately nor- 
mal Clinically and roentgenologically the condition 
seemed to progress rather than to improve By May 
1939, the patient was forced to use crutches, and later 
a brace became necessary In September 1939, a frac- 
ture through the upper portion of the right femur was 
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sustained, but this iiealcd as a result of immobilization 
of the leg m a cast For eighteen months progiessivc 
dcformit} imohing the left hip m the region of the 
fractuie had been noticed 

Plnsical c\ainination at the clinic rc\calcd a some- 
what undernourished child ot about the stated age 
His height was 4 Icet, S inches (142 cm), and his 
w eight w’as 67 pounds (30 Kg ) There w'as a bulging 
deformit\ of the left leg o\cr the region of the gt cater 
trochanter, w ith co\a \ ara 1 he left leg w as 1 S inches 
(3 8 cm ) shorter than the right No tenderness or 
limitation of motion was appaicnt The onK other 
significant plnsical feature was the presence of several 
large areas of pigmentation on the patient’s back 

The \ allies for serum calcium and scrum phosphorus 
were, rcspcctnch, 101 and 3 6 mg per hundred cubic 
centimeters, and the acti\it\ of the scrum phosphatase 



Fig 15 (ease 6) — Zones of fibrocystic involvement 
of bones (black areas) Site of pathologic fracture is 
indicated by “X ” 

W'as recorded as of 6 Bodansky units Roentgenologic 
cvammation, limited by request to the left femoral 
lesions, revealed fibroc 3 'stic disease involving the entire 
shaft (fig 15), an old intertrochanteric fracture and 
pronounced coxa vara 

Inasmuch as this patient was brought to the clinic 
solelj for confirmation of the previous diagnosis of 
poljostotic fibrous djsplasia and for advice regaidmg 
the advisabilitj of bone graft, a complete w'ork-up wms 
impossible It was the consensus that a heterogenous 
graft carried across the zone of fracture would coirect 
the deformity and effect a stiong bony union 

Comment — ^Admittedly, fiom the standpoint 
of material available foi study, this case leaves 


much to be desiied Howevei, the history was 
that of osseous lesions beginning m childhood, 
piogiessive m nature and complicated by the 
occuiience of a pathologic fiactuie The fiac- 
tuie was demonstiated i oentgenologically to 
have occtiried through a fibrocystic poition 
Pathologic veiification of oseitis fibrosa had 
been obtained not only from the left femoial 
lesion but also fiom a similai lesion of a rib on 
the opposite side of the body In view of the 
rathei limited extent of the fibiocystic disease 
and the extensive cutaneous pigmentation, this 
case possibly lepiesents anothei rathei unusual 
example of Albright’s syndiome 

ETIOLOGY 

Although the cause of Albiight’s syndiome is 
a mysteiy, many investigatoi s believe that the 
condition is the lesult of complex congenital 
ciiois m development 

Albiight, impiessed by the widespread dis- 
tiibution of lesions involving simultaneousl)^ the 
skin, bones and endocime glands, postulated a 
piimaiy disturbance of the central neivous sys- 
tem, possibl}’’ in the region of the hypothalamus 
On this basis the endocrine manifestations 
were mterpieted as arising from a disturbance 
of afferent impulses traveling to the pituitary 
body The presence of mental disturbances in 
1 of Albright’s original cases served to stiength- 
cn his conviction concerning this hypothesis 
Other positive neurologic signs have been le- 
corded m several cases in the literature, and 
in case 1 of oui series the presence of a positive 
Babinski sign bilaterally might support this 
hypothesis of a primary disturbance of the cen- 
tral nerv'ous system Even the sexual changes 
might occui as a result of lesions involving the 
central nervous system, as evidenced by the fact 
that these changes may follow encephalitis, 
poliomyelitis and even glioma, especially when 
the tumoi is located m the region of the third 
ventricle and the hypothalamus While it is 
perhaps noteworthy that m several cases of Al- 
biight’s syndiome reported in the literature the 
patients had previously had encephalitis,^^ the 
evidence is by no means conclusive that enceph- 
alitis plays an etiologic lole in the production 
of a disease considered b}'- some investigators 
as beginning at, oi even before, biith 

Possible evidence foi a hereditary basis was 
presented in a case of polyostotic fibrous dys- 
plasia studied by Moehhg and Schieibei On 
the mateinal side of the patient’s family, short- 
ness of stature and unusually earl 3 < dental decay 
were interpreted as attiibutable to a hereditary 
defect m the bone-foiming mesenchyma Even 
if we could agree with this premise, we could 



370 


ARCHIVES OF INTERNAL MEDICINE 


not understand how, as they suggested, the 
unilateral distribution of the osseous lesions of 
their patient represented a chromosomal aberra- 
tion for which the maternal side of the family 
could be blamed In a search of the literature the 
only other evidence for a familial trait m polyo- 
stotic fibrous dysplasia appeared m a report by 
Hirsch of 3 siblings who all suffered from the 
effects of disseminated cystic lesions of bone 

In 2 cases of Albright’s syndrome recorded 
by Braid,^® a history of neonatal jaundice sug- 
gested that disturbances m hepatic function 
were responsible for the syndrome Braid ob- 
tained definite evidence, based on laboratory 
data, of diminished livei function m 1 of 
her cases She correlated an increase m the 
value for serum phosphatase with an inability 
on the part of the liver to destroy this substance, 
noting that m certain cases of hepatic cirrhosis 
similar high levels of serum phosphatase are 
obtained The cases of McCune and Bruch 
and of Summerfeldt and Brown were similar 
m many respects to those of Braid, and it is 
perhaps significant that 1 of our patients (case 
•3) stated that she “almost died of liver trouble 
m infancy ” At necropsy in the case of McCune 
and Bruch the liver was found to have a normal 
microscopic appearance Consequently a pri- 
mary hepatic lesion probably could not be held 
responsible for the bony lesions of Albright’s 
disease, to say nothing of the apparently un- 
related sexual disturbances and the cutaneous 
pigmentation 

A primary hormonal imbalance has been 
postulated on the basis of those cases in -whicli 
sexual aberrations v ere especially prominent 
Howevei, it is difficult, as Albright remarked, 
to comprehend how estrogen acting indepen- 
dently 01 through the medium of the parathyroid 
glands could explain the bizzare character 
and predominantly unilateral distribution of the 

15 Hirsch, S Is Generalized Osteitis Fibrosa 
(Paget and von Recklinghausen) Congenital? Am J 
Surg 3 167-175 (Aug) 1927 

16 Braid, F Osseous Dystrophy Following Icterus 
Gravis Neonatorum Generalized Osteitis Fibrosa with 
Areas of Pigmentation of the- Skin and Precocious 
Puberty in the Female, Arch Dis Childhood 14 181- 
202 (Sept) 1939 

17 (a) McCune, D J Osteitis Fibrosa Cystica 

The Case of a Nine Year Old Girl Who Also Exhibits 
Precocious Puberty, Multiple Pigmentation of the Skin 
and Hyperthyroidism, Am J Dis Child 52 743-747 
(Sept ) 1936 (b) McCune, D J , and Bruch, H 

Osteodj strophia Fibrosa Report of a Case in Which 
the Condition Was Combined with Precocious Puberty, 
Pathologic Pigmentation of the Skin and Hyperthy- 
roidism, with a Review of the Literature, ibid 54 
806-848 (Oct) 1937 

18 Summerfeldt, P , and Brown, A Osteodys- 
trophia Fibrosa, Am J Dis Child 57 90-101 (Jan ) 1939 


osseous and cutaneous lesions seen in this dis- 
ease Both estrogen and parathyroid extract 
have produced cystic changes of bone in 
animals,’^® but none of these experiments has 
lesulted m effects which combine the dissoci- 
ated phenomena of Albright’s syndrome 

Helfet, in an attempt to establish the nature 
of the osseous lesions, revived a theory that is 
interesting not only from the standpoint of 
etiology but also as a basis for therapy He 
believed that there existed in Albright’s syn- 
drome a state of chronic hyperparathyroidism 
based on a mild hyperphosphatemia His treat- 
ment consisted of reducing the amount of avail- 
able phosphorus by precipitating part of it in 
the intestine by using the acetates and gluco- 
nates of aluminum He reported some striking 
lesults after using this type of therapy for sev- 
cial patients who had polyostotic fibrous dys- 
plasia of bone 

Sternberg and Joseph,-® in one of the more 
recent reviews, presented some interesting 
etiologic data on the only case of Albright’s 
syndrome m which complete necropsy had been 
performed In this case, which previously had 
been studied and reported by McCune and 
Bruch, the patient, a 13 year old giil, subse- 
quently had come under the care of Sternberg 
and Joseph for an attack of bronchopneumonia, 
which terminated fatally The essential posi- 
tive observations other than the osseous lesions, 
which are described m some detail, were limited 
for the most part to the endocrine glands, in 
which the following changes were noted The 
pituitary body demonstrated pronounced hyper- 
plasia of the basophilic elements with adenomas 
of microscopic size The individual basophilic 
cells were larger than normal and decidedly pleo- 
morphic Binucleated and tnnucleated giant 
forms were observed, with loss of granular struc- 
ture Colloid granular cytoplasm, present in 
certain of the cells, gave an appearance strikingly 
similar to “Crooke’s change ” The picture 
was intei preted as evidence of greatly disturbed 
function The thyroid gland presented the 
micioscopic pictuie of pronounced hyperplasia 
but contained numerous fetal adenomas, which 
Sternberg and Joseph interpreted as localized 
involution m a chronically toxic gland This pa- 

19 Bremer, J L Osteitis Fibrosa Localisata An 
Experimental Study, Arch Path 32 200-210 (Aug ) 19 

20 Sternberg, W H, and Joseph, V Osteodys- 
trophia Fibrosa Combined with Precocious Puberty an 
Exophthalmic Goiter Pathologic Report of a Case, 
Am J Dis Child 63 748-783 (April) 1942 

21 Crooke, A C A Change in the Basophil Cells 
of the Pituitary Gland Common to Conditions Which 
Exhibit the Syndrome Attributed to Basophil Adenoma, 
J Path & Bact 61 339-349 (Sept) 1935 
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tient had a long Insloi} of toxic diffuse (exoph- 
thalmic) goitei, and the basal metabolic late 
had langed up to plus 120 pei cent The thymus 
and the hmph nodes showed consideiable hypei- 
plasia Atiophy of the adienal coitex contiasted 
wath 1 clatn e hypei ti ophy of the medullary tissue 
0\arian tissue lesembled that of an adult 
woman, with multiple follicular cysts but with 
an absence of mature or matming coipoia lutea 
Sternberg and Joseph contiasted this observation 
with tlie condition piesent in cases of adienal 
cortical Inpeiplasia and tumoi, m w'hich the 
oianes aie often In pei plastic Paiathyroid 
glands wcic all identified and weie essentially 
normal in appearance Of pai ticular interest w as 
the authors’ obserAation that the liver w^as iioi- 
mal m spite of the histon of se\eie neonatal 
jaundice It is perhaps also noteworthy that no 
lesions of the brain except a slightly dilated 
third \entricle, were demonstrated on eithei 
macroscopic oi microscopic examinations and 
that no abnoimahtN was CMdent on careful study 
of the In jxithalamus 

Sternberg and Joseph found it impossible to 
accept the theory of causation based on the piin- 
ciple of multiple congenital defects of develop- 
ment even though, in addition to the manifesta- 
tions of Albright’s svndrome in its most floiid 
form, their patient had had a patent foramen 
ovale and Meckel’s div^erticulum It was then 
considered opinion that the osseous changes, 
cutaneous pigmentation and precocious pubeity 
were on an endocrine basis and that in their 
case the etiologic importance of thyrotoxicosis 
vv'as paramount In the bizarre distribution of 
the osseous and cutaneous lesions they saw a 
“localized tissue susceptibility” paralleled by re- 
corded instances of hemihypertrophy, hemi- 
obesity, unilateral exophthalmos and so forth 

Several other cases of Albright’s syndrome 
have been recorded in which clinical evidence of 
thyrotoxicosis was manifest, but in 1 of these 
biopsy of the thyioid gland revealed noimal col- 
loid thyroid Moreovei, the large majoiity of 
patients in the recoided cases did not have hyper- 
thyroidism Consequently the case of Sternbeig 
and Joseph may fall into a special category The 
changes they depicted as involving the basophilic 
elements in the pituitary body were as arresting 
as those in the thyroid gland, and perhaps some 
inv^estigators would be inclined to feel that the 
endocrine manifestations had occuired as a re- 
sult of a primary disorder involving the pituitary 
gland 

SYMPTOMS AND SIGNS 

Next to the sypmptoms of precocious puberty 
in females, the osseous lesions that characterize 
Albright’s syndrome provide the cardinal clinical 


symptoms Limitation of movement that results 
fiom bony deformity and pathologic fractures 
aie often childhood manifestations However, 
111 cases 1 and 5 of out senes extensn^e bony 
lesions had been piactically unnoticed until the 
patients were w^ell on m adult life Generalized 
“bone pains,” so characteiistic of hyperparathy- 
roidism, aie usually absent m uncomplicated 
cases, but local pain and tenderness may be 
piesent if the involved bone is the site of an 
expanding fibious tumor and aie naturally 
present w^hen a pathologic fiactuie has occurred 
Sit angel} enough, these fractal es tend to heal 
aftei the use of standard methods of immobiliza- 
tion 01 surgical fixation by means of grafts oi 
both 

Lichtenstein and Jaff'e were of the opinion that 
the osseous lesions constitute the nucleus of the 
disoi der and felt that other clinical manifestations, 
such as piecocious puberty and cutaneous pig- 
mentation, can occur only m the presence of ex- 
tensive skeletal inv^olvement Cases 2, 5 and 6 
of oiii seiies piovided notable exceptions to this 
general lule Although precocious puberty is 
a caidmal s}mptom of Albright’s syndrome in 
the complete form, it is almost exclusiv'^ely limited 
to females and usually to those females m w^hom 
extensive osseous lesions are also present How- 
ever, there are exceptions to this lule, of which 
case 1 IS an example The reason for piecocious 
pubertv is poorly understood, but its implications 
are often far i caching, for in addition to the early 
onset of menstruation and the early apearance of 
sccondar} sexual characteristics there is some- 
times pronounced acceleiation in somatic matura- 
tion Thus the bone age may exceed the 
chionologic age of the patient, m that there is 
premature ripening of the epiphyses In addition, 
epiphyses unite early with diaphyses, and, in the 
case of bones of the extremities, the result may 
be a premature arrest of growth It has accord- 
ingly been observ^ed that adult females who suf- 
fer fiom the disease aie of short stature 

INCIDENCE 

Albiight’s syndrome is somewhat rare if one 
considers only the complete form, as exemplified 
by the cases listed in table 1 and, in addition, the 
occasional case which may have escaped our 
notice in a review of the literature However, 
other authors, such as Gorham and co-workers, 
consider the incomplete form, in which one or 
more of the clinical, roentgenologic and patho- 
logic features are lacking, and thus remove the 
condition somewhat furthei from the realm of 

22 Ghormley, R K , Sutherland, C G, and Pollock, 
G A Pathologic Fractures, JAMA 109 2111- 
2115 (Dec 25) 1937 



372 


ARCHIVES OF INTERNAL MEDICINE 


the uncommon Furthermore, if one agrees with 
Lichtenstein and Jaffe that polyostotic fibrous 
dysplasia in its most florid expression demon- 
strates the extraskeletal manifestations of Al- 
bright’s syndrome, an extensive literature is 
available Jaffe, to cite one investigator, has had 
personal experience with at least 23 cases, and 
Albright has encountered approximately 30 

In the matter of sex, females predominate over 
males in the ratio of 3 to 2 It is interesting to 
note that this same ratio obtains for the sex 
incidence among patients suffering from the 
effects of parathyioid adenoma No racial sus- 
ceptibility to the disease has been emphasized 
in the literature 

It has been suggested in the literature that 
increased fertility may be a feature of Albright’s 
syndrome in females Moreover, it has been 
asserted that in the case of Lena Medina, the 5 
year old Peruvian girl who gave birth to a boy, 
precocious puberty was attributable to this con- 
dition However, a letter which one of us 
(M B D ) received from Albright,*^ who had 
corresponded with one of the physicians in 
charge of the case, did not confirm this theory 

Extensive cutaneous pigmentation, often oc- 
curring in the form of large irregular patches, 
IS an almost constant accompaniment of osseous 
lesions of pronounced degree in Albright’s syn- 
drome Strangely, these patches of pigmenta- 
tion may occur with a predilection for the side of 
the body that has the most pronounced bony 
lesions The locations of the pigmented spots 
vary, but the back, buttocks, inner aspects of the 
thighs, neck and scalp are common sites In case 
4 of our series, a large pigmented spot on the 
occipital portion of the scalp was the only dis- 
colored area of the skin and was associated with 
alopecia of this same region Similar localization 
of pigmentation of the scalp has been observed 
by others 

OTHER OBSERVATIONS 

Labo) atoi y Data — The results of chemical 
analysis of blood, urine and feces of patients who 
have Albright’s syndrome are usually as follows 
Values for serum calcium and serum phosphorus 
are variable but usually are within the limits of 
normal Serum phosphatase is increased, the 
amount of increase being in general consonant 
with the degree of activity of the osseous lesions 
Studies on calcium balance have varied , in some 
cases equilibrium has been noted, m some cases 
a measurable degree of retention and in others 
a state of so-called negative balance Excessive 
excretion of calcium ordinarily is interpreted as 

23 Albright, F Personal iConamunication to the 
authors 


favoring a diagnosis of parathyroid tumor, but 
in at least 1 case reported m the literature it was 
associated with polyostotic fibrous dysplasia 
Consequently it is doubtful whether the results 
of calcium studies alone can be the deciding fac- 
tor m the differential diagnosis of this condition 
from hyperparathyroidism resulting from hyper- 
plasia or tumor High values for serum chol- 
esterol occasionally have been reported and have 
resulted in the mistaken diagnosis of xanthoma 
of bone In practically all cases of Albright’s 
syndrome the values for serum cholesterol have 
been normal In a few cases of this disease 
such diversified observations have been reported 
as decreased dextrose tolerance with or without 
glycosuria, diminished hepatic function as evi- 
denced by retention of dye, abnormal values for 
serum protein, elevation of the basal metabolic 
rate and increased urinary excretion of estrogen 
In the majority of cases, however, such evidence 
has not been obtained, and its seeming impor- 
tance diminishes when one attempts to apply it 
generally in the study of Albright’s syndrome 

Roentgenologic Chai acteristics — As a rule, 
polyostotic fibrous dysplasia has a distinctive 
roentgenologic appearance, and in most instances 
the correct roentgenologic diagnosis can be made 
without difficulty In most cases several or many 
bones are affected, but in some cases only one 
bone or part of a bone is involved The solitary 
lesions of bone most frequently cause difficulty 
in diagnosis When Albright’s syndrome is 
present, involvement of many bones almost 
always occurs Osseous lesions of polyostotic 
fibrous dysplasia sometimes are limited strictly 
to one side of the body , but when there is exten- 
sive skeletal involvement, the lesions are often 
bilateral, most of the lesions being on one side 
The lower extremities are involved more fre- 
quently than the upper extremities The skull 
frequently is affected The lesions are dissemi- 
nated, and normal bone is present between the 
regions of abnormal bone Polyostotic fibrous 
dysplasia almost always can be distinguished 
from hyperparathyroidism, because in the latter 
there is generalized abnormality of bone The 
epiphyses are not affected by polyostotic fibrous 
dysplasia, which is an important consideration in 
distinguishing this condition from Ollier s dis- 
ease ( dyschondi opiasia ) 

Lesions of polyostotic fibrous dysplasia con- 
sist mainly of masses of fibrous tissue which in 
most instances replace the medullary structures 
of the involved bone This leads to thinning of 
the cortex of the bone from within, and in many 
cases there is moderate or extreme expansion 
of the involved bone These changes result in 
a distinctive roentgenologic appearance, such as 
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was observed in case 5 (figs 11 and 12) It must 
be emphasized, however, that at times the lesions 
of poI}Ostotic fibious dysplasia may develop sub- 
penosteallj, as illustrated by case 4 (fig 9), 
and thereby cause eiosion of the cortex from 
without In cases of this type, slight oi no ex- 
pansion of invohed bone occuis, and the loent- 
genologic appearance is considerably different 
fiom that of lesions beginning m the medullary 
portion 

Since m polyostotic fibious dysplasia the bony 
stuictuies are replaced by masses of fibrous 
tissue, the mvohed poitions of bone are abnoi- 
malh ladiolucent Foi this reason focal involve- 
ment that starts in the medulla and causes ex- 
pansion of bone may resemble cystic lesions of 
bone Localized zones of osteosclerosis fre- 
quently aie found in association with ladioIucent 
lesions, and m some cases osteosclerosis is most 
conspicuous 

Bones aflectcd by polyostotic fibrous dys- 
plasia are sometimes abnormally long When 
Albright’s sjndrome is present the grow'th of 
bone may be accelerated during childhood, but 
premature union of the epiphyses may cause an 
earh arrest of growth and resulting dw'arfism 
When adult life has been reached the lesions of 
bone no longer progress or progress very 
slow ly 

Pathologic fractures which frequently com- 
plicate this condition usually occur through re- 
gions of major involvement Periosteal reaction 
develops if a pathologic fracture is present , 
otherwise no peiiosteal reaction is produced by 
these lesions Pathologic fractures often result 
in shortening and gross deformity of bone 
When there is extreme involvement of a bone, 
multiple fractures may produce a peculiar 
crumpled appearance The rapid healing of 
pathologic fractures indicates that the reparative 
process proceeds in an orderly fashion 

Lesions of the skull frequently are seen in 
polyostotic fibrous dysplasia The changes in 
the vault, occiput and mandible closely resemble 
those that occur elsew here in the skeleton Fre- 
quently expansion of these parts of the skull 
occurs Radiolucent zones resembling cysts may 
be present Little, if any, osteosclerosis is pres- 
ent in these regions The lesions affecting the 
basal portion of the fiontal bone and sphenoid, 
ethmoid and maxillary bones are different from 
the lesions of fibrous dysplasia as seen elsewhere 
In these locations the lesions are almost always 
osteomatoid in type The bone is extremely dense 
and thick Complete or partial obliteration of 
the paranasal sinuses frequently is present De- 
formity of the orbit with ocular proptosis is not 
unusual Obstruction of the nasal passages may 


occur Expansion of the involved bone may 
result in asymmetry of the skull Extreme prom- 
inence of the forehead, maxilla or mandible is 
not uncommon 

The osteomatoid thickening of the base of the 
skull, especially of the wings of the sphenoid 
bone or of the basal portion of the frontal bone, 
may simulate the hyperostosis that is associated 
with meningioma These lesions of the skull 
have a superficial resemblance to those seen in 
Paget’s disease, but distinction should not be 
difficult The term leontiasis ossea is used to 
designate a type of generalized facial deformity 
Almost always, however, this deformity is the 
result of polyostotic fibrous dysplasia, hence no 
distinction between the two conditions is neces- 
sar}^ 

Pathologic Fealwes — The cortex of the in- 
volved bony segments is thinned, and the sub- 
stantia spongiosa and marrow aie filled with 
fibrous tissue, which may be vascular or avas- 
cular Occasional spicules of degeneiating and 
regenerating bone are found, the latter often 
being surrounded by normal numbers of osteo- 
blasts Islands of cai tilaginous metaplasia occa- 
sionally are observed Blood pigment sometimes 
IS noted There is a characteristic paucity of 
osteoclasts and those pi esent have been described 
as being abnormal In other cases, especially 
around sites of recent fractures, osteoblastic and 
osteoclastic activity may be pronounced and the 
picture may simulate that of benign foreign body 
giant cell tumors of bone Cysts are not com- 
monly encountered except in regions in which 
degenerative changes are observed Foam cells 
have been described in a few cases, and we have 
seen them in our own specimens, however, they 
are usually absent, and differentiation of the 
condition from xanthoma of bone presents no 
diagnostic difficulties 

In cases of Albright’s syndrome bones that 
appear noimal roentgenographically present a 
normal appeal ance on biopsy, but in cases of 
hyperparathyroidism all sections reveal mild to 
extreme osteoporosis Although Jaffe expressed 
the belief that in cases of Albright’s syndrome 
there is fibiosis of the bone marrow which is 
not observed in cases of hyperparathyroidism, 
most investigators are ivilling to concede that a 
differential diagnosis cannot be made from 
biopsy of an isolated fragment of porous bone 
Consequently the pathologic interpretation 
should he considered in conjunction wuth an 
evaluation of the clinical history, roentgeno- 
graphic findings and the results of chemical 
analysis of the blood 

Pathologic interpretation of the cutaneous 
lesions has been made possible through biopsy 
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in a number oi cases The changes have been 
constant and have paralleled the obseivations 
made m 2 of our own cases The lesion demon- 
strates an excess of melanin pigment, which 
sometimes is confined to the basal layer of the 
epidermis but occasionally extends into the 
granulosum Theie may be a few melanophores 
in the cutis, but as a rule there are no nests of 
nevus cells as m the ordinary mole An asso- 
ciated hypei trophy of the muscular elements 
comprising the arrectores pilorum lecalls the 
precocious pubeity with early appearance of 
axillary and pubic hair which is observed in 
some females who have this strange malady 

DIFFERENTIAL DIAGNOSIS 

Precocious puberty, which is present m asso- 
ciation with a florid oi complete foim of 
Albright’s syndrome, is a phenomenon that is 
not associated with parathyroid adenoma Con- 
sequently difterential diagnosis should offer 
few difficulties Nevertheless m the past the 
notion that porous bones indicate the presence of 
hyperparathyroidism has become so fixed that 
at least 20 patients who had complete or incom- 
plete forms of Albright’s syndrome have been 
submitted to fruitless exploiations of the neck in 
search of a causative tumor In incomplete 
forms of the disease, the fact should be borne in 
mind that hyperparathyroidism is rare in child- 
hood, whereas Albright’s syndrome usually dates 
from an early age In the former disease pa- 
tients complain of pain in the bones, profound 
muscular weakness and digestive disturbances, 
whereas patients suffering from the latter appeal 
well except for the local disability produced by 
severe osseous lesions Generalized pain in the 
bones is not often encountered In cases of 
hypei parathyioidism widespread osteoporosis is 
present, whereas in Albright’s syndrome the 
osseous lesions are spotty in character and often 
unilateral in distribution, with roentgenologically 
normal bone in many regions Cysts are the 
exception rather than the rule Renal lithiasis 
and fixation of the specific gravity of urine, so 
commonly found with parathyroid adenomas, aie 
rarely observed with Albright’s syndrome 

The high values for serum calcium, low values 
for serum phosphorus and noticeably negative 
calcium balance in cases of hyperparathyroidism 
contrast with the normal values obtained in cases 
of Albright’s syndrome High values for serum 
phosphatase may be obtained in both conditions 
A pronounced increase in the excretion of cal- 
cium as compared with the intake (negative 
calcium balance) favors a diagnosis of hyper- 
parathyroidism, but one occasionally encounters 


a case which proves an exception to this general 
rule 

The differentiation of Ollier’s dyschondro- 
plasia from Albright’s syndrome may give rise 
to some diagnostic difficulties, inasmuch as it 
too occurs m )^oung persons The finding of 
occasional islands of cartilage in the bony lesions 
of Albright’s syndrome heightens this similarity 
However, Ollier’s disease is a disturbance of 
chondrification and therefore does not involve 
bones that are laid do\Mi in membiane, such as 
those of the skull Moreover, distui bances of the 
epiphyses are characteristic of Ollier’s disease, 
whereas absence of invohement of epiphyses is 
a noteworthy feature of Albright’s syndrome 
Cutaneous pigmentation in both sexes and pre- 
cocious puberty in females are additional differ- 
entiating features of Albright’s syndrome 

Osteogenesis imperfecta often presents blue 
sclera and sometimes certain other hereditaiy 
evidences which appear to be of value in differ- 
ential diagnosis Blue scleias occasionally have 
been i epoi ted in association with polyostotic 
fibrous dysplasia 

Von Recklinghausen’s neuiofibiomatosis, with 
its characteristic pigmentation of the skin also 
may be associated with osseous lesions and thus 
complicate the problem of differential diag- 
nosis The presence of neui ofibromas along the 
couise of cutaneous nerves provides an impor- 
tant clue, and the diagnosis easily can be settled 
by biops} Neurofibromas do not occur m con- 
nection with Albright’s syndrome 

In locations other than the veitebral bodies, 
hemangiomas of bone may have certain features 
in common with polyostotic fibrous dysplasia 
The value of biopsy in such cases is again ob- 
vious The gloss appearance of the two lesions, 
however, is entirely different 

According to the early hteiature, xanthoma- 
tosis presented problems of differential diag- 
nosis, and several cases of Albright s syndrome 
have been i ecorded as typical examples of 
xanthoma of bone Involvement of the cranium 
in cases of Albright’s syndrome in young per- 
sons may simulate that found in xanthomatosis 
Clinical studies on the level of cholesterol and 
other lipids of the blood may establish the diag- 
nosis in an occasional case In others biopsy of 
an osseous lesion will be necessaiy Foam cells 
occasionally are encountered in the bony lesions 
associated with Albright’s syndrome but never 

24 Nichols, B H Fragilitas Osseum, Brittle Bones 
and Blue Sclera, Hereditary Mesenchyme Hypoplasia, 
Cleveland Clin Quart 7 58-65 (Jan ) 1940 

25 Pierson, J W , Farber, G, and Howard, J E 
Multiple Hemangiomas of Bone, Probably Congenital, 

J A M A 116 1245-1248 (May 10) 1941 
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m the abundcuicc in which the) ma} be piesent 
in xanthoma 

Biops} also nla^ be ntcest>aiy to iiile out a 
diagnosis of metastatic cancel, which was fust 
consideicd in case 2 of our senes A similai 
pi occdui e Ihcoi etically might be adopted in cases 
of so-called latent lesions that might be mistaken 
loentgenologicalh foi ceitam piimai} malignant 
tumois of bone such as multiple mjelomas 

Gianulosa cell tumoi ot the o\aiy pioduces 
jnecocions puhcit} but usuall) none of the othei 
featuies ol \lbiight s sMidiome Adrenal tumois 
ma\ be iccogni/ed Iw the lact that those pio- 
ducing piecocious pubeit} (coitical) laieh 
mctastasi7e to bone and those mclastasi7ing to 
bone (medullaiN ) do not pioducc piecocious 
pubci t} 

TULA! MHXT 

In geneial no specific ticatment for Albiight’s 
suidiome has been developed In the cases wuth 
extensive osseous involvement the most piomis- 
ing lesultb have followed the use of aluminum 
acetate as lecommcnded bv Helfet Both clin- 
ical and roentgenologic impiov'emenl hav'e been 
noted aftei the use of this picpaiation in cases 
ui osteoporosis Our experience has not been 
extensive enough to wan ant the claim that anv 
thing appioaching a cure can be obtained by the 
use of aluminum acetate noi do we know how 
long the impiov'ement might be sustained 

Ticatment with vitamin D and calcium m 
various forms seems to have produced little oi 
no beneficial effect Roentgen theiapy has been 
tried from time to time While in a localized 
lesion it may pioduce some scleiosis and fibiosis, 
Its use is contraindicated when the condition is 
more generalized In children, extensive iiia- 
diation over epiphyses is likely to lead to aiiest 
of epiphysial giovvth 

Pathologic fractuies should be i educed and 
splinted in a mannei similar to that of any othcx 
fiacture, and early union usually lesulls In 
cases of pathologic fiactuie in wdiich large C}sts 
occur lestoiation of the bony substance and 
healing of the fi acture can be hastened by a bone 
grafting pioceduie 

In all cases of Albiight’s syndiome, whelhei 
tieated by medical or surgical means, we be- 
lieve that the use of aluminum acetate with at 
least one pint of milk a day is indicated 

SUMjVtARV AND CONCLUSIONS 

Six new' cases of Albiight’s syndiome vveie 
encounteied at the Mayo Clinic These bring 
the cases lepoited in the literatuie to a total 
of 39 Infoimation concerning these cases and 


1 lepoited by Shallaid has been added to the 
tabulated leview of the liteiatuie piepaied by 
Goiham and co-woikeis in 1942 

The disease occiiis more commonly among 
females than among males and fiequently mani- 
fests Itself eaily in childhood Several of our 
patients were found to have latent lesions m 
adult life 

In some females who have Albiight’s syn- 
drome, sexual and somatic development are pre- 
cocious In males theie may be some evidence 
of somatic piecocity but few sexual changes In 
both sexes, but' pai ticulai 1)' among females, pre- 
matuie airest of giovvth may occui Cutaneous 
pigmentation accompanies the disease m both 
males and females 

Exti askelctal manifestations may' occui in the 
absence of extensive osseous lesions This ob- 
seiv'ation is'contiaiy to the geneial impression 
obtained f i om the hteratui e Clinically silent but 
loentgenologically' extensiv'e and active lesions 
of bone can be present in adults who have 
Albiight’s disease This obseivation also difteis 
fiom those lecorded in the liteiatuie A ten- 
dency m our cases towaid unilateial involvement 
of bones was m haimony with the findings of 
other investigatoi s The osseous lesions ap- 
peared to be responsible foi the majoi compli- 
cations ot the disease Symptoms so pioduced 
were m geneial piogiessive in seventy, but re- 
missions and exacerbations, with sometimes long 
periods of clinical quiescence, were observed 

Pathologically the picture was that of a pio- 
found distui bance of metabolism of bone in which 
decalcification and resorption equaled or ex- 
ceeded the piocesses of tissue lepair by osteo- 
blasts and fibi oblasts Contrary to previous ob- 
seiv'ations, micioscopic examination in oui cases 
occasionally' demonstrated blown tumors and 
cysts The mici oscopic resemblance to giant 
cell tumor in some of our material was also 
unusual Accordingly, we agree with those 
investigatoi s who claim that the diagnosis of 
Albright’s syndrome cannot be made solely on 
the basis of microscopic studies 

In oui senes we were unable to see how 
hepatic disease oi thyiotoxicosis played any' part 
in causing this condition Ev'idence of a lesion 
involving the cential nervous system was m 1 
case equivocal 

Whether chionic hyperphosphatemia existed 
in these 6 cases is uncertain, but theiapy' based 
on this assumption was applied w'lth some suc- 
cess m 1 case If the results m additional cases 
are piomising, the method should piov'e of benefit 
to persons affected with this stiange malady 
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The vanegated clinical manifestations of infec- 
tious mononucleosis have been emphasized re- 
peatedly by most writers on the subject m recent 
years ^ It has also been emphasized that these 
manifold signs and symptoms often make the 
diagnosis difficult, because frequentl 3 '’ some par- 
ticular combination of symptoms of* the disease 
\m11 duplicate the important findings of other 
clinical entities 

We have reviewed a series of 300 cases of 
infectious mononucleosis observed over the past 
tv enty months at several large air force hospitals, 
and ve also have encountered the same long 
list of heterogeneous symptoms and signs that 
have been observed and recorded by other inves- 
tigators Moreover, we find that the relative 
fiequency of these manifestations, with but in- 
significant percentage variations, closely approxi- 
mates that observed by previous authors In 
addition, however, to these manifestations, Ave 
have observed in this series 3 cases characterized 
by a sevei e anemia with leukopenia and thrombo- 
penia which presented considerable difficulty in 
diagnosis Therefore, it was thought Avorth AAdiile 
to review briefly this rather large series of cases, 
recording the symptoms and signs, and further 
to give a more detailed discussion of the 3 cases 
Avith the characteristics just referred to 

In this series of 300 cases the complaints of 
the patients AAffien they were admitted to the 
hospital Avere not so A'^ariable as the diagnoses 
made on admission Tables 1 and 2 illustrate 
this point 

From the tables it aviII be noted that the most 
frequent complaints Avere soie throat, enlarged 
hmph nodes, headache and fever Furtheimore, 

1 Tidy, H L Glandular Fever and Infectious 
Alononucleosis Lancet 2 180 and 236, 1934 Spark, 
TEH Infectious Alononucleosis Problem in Diag- 
nosis, AI J Australia 2 413 1942 Werlin, S J , 
Dolgopol, V B , and Stern, AI E Infectious Alono- 
nucleosis, a Diagnostic Problem, Am J AI Sc 201 
474, 1941 


111 only 37 cases in the entire series Avas the 
disease correctly diagnosed on the patient’s ad- 
mission to the hospital 


Table 1 — Admtssioti Diagnoses 


Diagnosis 

Oases 

Acute pharyngitis 

64 

^nsopharyngltls 

45 

Infectious mononucleosis 

37 

Veute tonsillitis 

36 

pical pneumonia 

19 

Acute sinusitis 

12 

Diagnosis uncertain * 

12 

Ljmphadenitis 

10 

Bronchitis 

10 

Malaria 

7 

Jaundice 

6 

Cen ical myositis 

6 

AHneent’s angina 

5 

Influenza 

4 

Fpistavis 

4 

Gastroenteritis 

3 

Suspected meningitis 

3 

Cer\ ical mass 

2 

Heat exhaustion 

0 

Reaction to typhoid t accine 

1 

Psjchoneurosis 

1 

* These patients iiere admitted 
vation 

to the hospital for obser 


Table 2 — Admission Complaints 


Complaint 

Cases 

Sore throat 

146 

Lymphadenopathj 

81 

Malaise 

^ 72 

Headache 

71 

Fever 

67 

Anorexia 

58 

Cough 

88 

Abdominal pain 


Cutaneous eruption 


Nausea 


A'ertigo 


Vomiting 


Arthralgia 


'Jaundice 


Epistaxis 


Myalgia 



Man}’^ Avriters have divided infectious mono- 
nucleosis into three types namely, the angiiiose, 
the glandular and the febrile In our senes 
150 cases were instances of the anginose, 1 4 

of the glandular and 23 of the febrile type 
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In all 300 ot these cases there was a positive 
heteiophile agglutination in dilutions langiiig 
fiom 1 to 112 to 1 to more than 10,000 
The list of difieient conditions obseived in 
this series seives to stiess the often , x epeated 
statement that infectious mononucleosis is a dis- 
ease of remaikable vanablity Table 3 selves to 
illustiate this point 

The table shows that m 172 cases of this 
senes a generalized adenopath} was obseived 
and in 123 cnlaiged ceivical nodes onl}’’ weie 
seen In 67 cases the enlaiged xxodes weic 
tendei The spleen was palpable in 104 cases 
and the Inei ni 47 In 9 cases the patients 
had geneialized pelechiae, and in 4 petechiae 
were found in the oral cavih In 16 cases 


Table 3 — Positne Stgti'; 


Generalized ndenopntbi 

172 

Cervical adenopathj onlj 

123 

Follicular phnrvneitls 

112 

Palpable spleen 

101 

Tender ndenopatin 

07 

Palpable liver 

47 

Tender spleen 

^0 

Gingivitis 

o7 

Membranous pharj ngitis 

S4 

Acute tonsillitis 

SO 

Dennatitis 

XG 

Jaundice 

11 

On admission 

0 

Petechiae 

9 

Oral cavity 

4 

Generalized 

9 

Xausca 

9 

Peritonsillar abscess 

7 

Vomiting 

7 

Epistaxis 

6 

Myositis 

5 

Diarrhea 

.4 

Hemoptysis 

3 

Abdominal tenderness 

3 

Mild stupor 

3 

Stiff necK 

2 

Delirium 

1 


dermatitis which was usually eithei scarlatinal 
or macular was noted In 3 cases the patients 
had hemoptysis, m 11 they were jaundiced, and 
in 6 of the latter they were jaundiced on admis- 
sion Mild stupor, stiff neck and even delirium 
w'ere observed m rare instances 

The symptoms and signs seem to fall I'ouglily 
into four mam groups (1) respiratory, char- 
acterized by nasal obstruction, cough, epistaxis, 
pharyngitis and tonsillitis, (2) gastrointestinal, 
b} nausea, vomiting and abdominal tenderness, 
(3) hematologic, by hypoplastic and hemolytic 
anemia as well as thrombopenia and leukopenic 
neutropenia, and (4) dermatologic, by scarlatinal 
01 macular rashes as well as pruritus with and 
without^ j aundice 

A recent report of a case by Ziegler,^ record- 
ing the observations at necropsy m a case of 

2 Ziegler, E E Infectious Mononucleosis Report 
of a Fatal Case with Autopsy, Arch Path 37 196 
(March) 1944 


infectious mononucleosis in which rupture of 
the spleen was the cause of death, sheds con- 
sideiable light on the pathogenesis of this dis- 
ease Moreover, the histologic observations in 
Ziegler’s case may explain the wide vaiiety of 
signs and s 3 anptoms in infectious mononucleosis 
Zieglei found focal interstitial infiltrates in the 
liver and kidneys with proliferation of reticulum 
cells and neciosis, and it was his opinion that 
these lesions piobably lepiesented '"an acute 
infectious gianulomatous process” Further- 
moie, he obseived pulmonary lesions in which 
theie w^as distention and often obstruction of 
the alveolar capillaries with mononuclear cells, 
together with scattered perivascular and inter- 
stitial mononucleai mfiltiates 

These observations suggest that infectious 
mononucleosis is an infection which may localize 
in manyf tissues and organs 

Since the principal objective of this papei is 
to discuss the cases with certain raie hema- 
tologic featuies, we will leview them briefly 
In this entne senes of 300 cases there were 
6 wdneh were distinguished by moderate to mod- 
el ately severe anemia Anemia has always been 
consideied a rare manifestation of infectious 
mononucleosis and usually'^ has been thought to 
be due to some complicating factor unrelated 
to the primal y disease Unfortunately, complete 
clinical and laboratory studies with thiombocyte 
counts w'eie carried out in only 3 of the 6 cases 
m this senes 

REPORT OF CASES 

Case 1 — A 30 year old white woman entered the 
hospital because of severe occipital headaches, malaise 
and loss of appetite 

She was m good health until two weeks prior to 
her admission, when she noticed that it was becoming 
difficult to do her daily work For three days prior 
to admission she had awakened each morning with a 
severe occipital headache which grew worse as the 
day proceeded A blood count done a week before her 
admission showed no abnormality 
The past history revealed nothing significant She 
had had the usual childhood diseases but no serious 
illness or operations 

Physical examination showed a well developed woman 
in no acute distress There was a fine macular rash 
on the left side of her face extending from the ear 
over the left cheek to the side of the mouth, the rash 
did not fade on pressure Small discrete nontender 
cervical lymph nodes were palpable bilaterally The 
tip of the spleen was barely palpable 
The blood pressure was 126 systolic and 75 diastolic 
The pulse rate was 90, the temperature 100 F and 
the respiratorj'- rate normal 
Roentgenologic examination revealed that the chest 
was normal 
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Examination of the blood showed a red cell count 
of 3,680,000, a hemoglobin content of 12 2 fem and a 
white cell count of 8,400, of wdnch 75 per cent were 
l 3 fmphocytes, 20 per cent segmented forms, 1 per cent 
stab forms, 3 per cent monocytes and 1 per cent eosino- 
phils Reticuloc} tes numbered 1 8 per cent, and plate- 
lets, 257,600 A heterophile agglutination occurred in 
a 1 to 792 dilution Other laboratory results \\ ere 
entirel}' normal 
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Qiart 1 — Results of blood counts and heterophile 
agglutination tests in case 1 

The patient was gi\en codeine, Yz gram (0 03 Gni ), 
for headache No other medication w'as administered 

The clinical course w’as relativelj'' steadj% and the 
fatigue and malaise grew worse and did not remit 
until about the eighth day after the patient entered 
the hospital From that day on a progressive im- 
provement was noted 

Serial blood counts, platelet and retlculoc^te counts 
and heterophile agglutination tests were done 

The hematologic picture in this case was one of 
increasing anemia, thrombopenia and leukopenia w'htch 
gradually returned to normal, the patient being dis- 
charged on the nineteenth da} in the hospital 

Case 2 — The patient, an active, healthy, 19 year old 
white youth undergoing training as an aerial navigator, 
was first seen three days prior to his admission to the 
hospital, complaining of coryza, sore throat and malaise 


revealed a moderate lymphoc} tosis, and the heterophile 
agglutination test elicited a positive reaction in a 1 to 
56 dilution 

The patient w'as put at complete rest m bed and was 
given a liquid diet No other therapy w'as instituted 

On the fourth day after he entered the hospital it was 
noted that he had a few petechiae over the tibial areas, 
the trunk and the arms Repeated counts revealed 
250,000 platelets per cubic millimeter and a heterophile 
agglutination reaction in a 1 to 1,792 dilution No com- 
plaints W'ere noted except m.alaise, sore throat and a 
stuffy nose The spleen was barely palpable at this 
time 

Daily platelet counts were done, and on his seventh 
day in the hospital repeated counts revealed a level of 
60 to 90,000 The heterophile agglutination occurred in 
a 1 to 3,984 -j- dilution Examination revealed many 
petechiae over the entire body and a small hemorrhage 
of the conjunctua of the left e}e and clotted blood in 
the left nasal cavity 

Sjmptomatic treatment was continued, and the patient 
gradually returned to normal, being discharged from the 
hospital on the twent\ -fourth hospital day 

Rechecks revealed a normal hematologic balance and 
no palpable nodes or spleen 

Case 3 — A 22 jear old w'hite naval officer was ad- 
mitted to the hospital, complaining of severe nausea, 
shortness of breath and headache Approximately four 
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Chart 3— Results of blood counts and heterophile 
agglutination tests in case 3 



Chart 2 — Results of blood counts and heterophile 
agglutination tests in case 2 


At this time physical examination levealed an injected 
phar}nx but otherwise nothing abnormal A blood 
count W'as done, with entirely normal results On the 
day of his admission the patient became acutel} ill 
with nausea, \omitmg and an extremely sore tliroat 
Examination then revealed generalized small nontender 
lymph nodes The spleen and liver w'ere not palpable 
A macular rash was noted over the chest and upper 
part of the abdomen Hematologic studies at this time 


hours before his admission he had been overcome bv 
smoke from a smoke generatoi W'hile he was on ma- 
neuvers. 

The past history was cntireh noncontnbutory 

Physical examination revealed a well developed white 
man w’ho was acutely dyspneic There were two minor 
abrasions of the scalp over the left paneto-occipital area 
The respirator} rate was 32 , the chest was symmetric, 
and expansion w'as equal The patient was dyspneic but 
not cyanotic The breath sounds were somewhat dis- 
tant throughout Occasional subcrepitant rales were 
heard thioughout both pulmonary fields anterior and 
posterior The heart sounds were distant, the pulse 
rate 140 

The patient w'as given ox} gen inhalations and sympto- 
matic treatment consisting of 50 per cent dextrose b} 
vein and theophylline ethylenediamine On his admis- 
sion the blood count was normal except for a moderate 
lymphocytosis, the total w'hite cell count being 4,200 

On his third day in the hospital the patient vomited 
approximately 700 cc of bright red blood and clots and 
passed sev'eral black stools which contained occult blood 
Results of examination were approximately the same as 
at the time of his admission, except that the spleen and 
liver were palpable A blood count at this time showed 
2,240,000 erythrocytes, a hemoglobin content of 7 5 Gm , 
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and a positne lictcrophilc agglutination reaction m a 
1 to 1 992 dilution The patient was given 500 cc of 
whole blood and 500 cc of plasma The count steadity 
declined until the eighth daj, w'hen the count revealed 
1,900,000 enthrocjtes, 100,000 platelets and white blood 
cells 18,500 with 87 per cent Ijmphocytes Heterophile 
agglutination occurred in a 1 to 1,992 dilution He W'as 
gnen 1,000 cc of whole blood The icteric index at this 
time was 31, the indirect a an den Bergh leaction w’as 
35 

On the tenth daj a generalized macular eruption 
appeared on the entire abdomen and thorax 

The patient gradual!} lnlpro^ed, the hematologic pic- 
ture steadily returned to normal, and the patient was 
discharged on the fortieth da} in the hospital 

The smoke was ^aid to contain no toxic chemical in- 
gredients 

Platelet counts in all 3 cases were made both bv the 
method of Dameshek and bA a modified Vilanno and 
Pimentel technic 

COM MUM 

A glance at the chaits on these 3 cases shows 
a rapid and simultaneous diop in led blood cells, 
white cells and platelets, with a rapidly increas- 
ing heterophile agglutination followed b}' a much 
more gradual rise in all three of the foimed 
blood elements and a concomitant fall in the 
heterophile titei 

An interesting leatuie of these cases is the 
complete lack of an} of the usual clinical mani- 
festations of infectious mononucleosis, and m 
cases 1 and 2 no toxic factoi oi other clinical 
finding was encountered that might account foi 
the rapidl} developing anemia leukopenia and 
thrombopema In case 3 the only possible cause 
of the illness might have been the inhalation of 
smoke 

These 3 cases may seive to emphasize the 
fact that a differential diagnosis between leu- 
kemia and infectious mononucleosis cannot be 
made on the absence of anemia plus the presence 
of immature l}mphocytes alone Furthermore, 
the diagnosis cannot depend on the additional 
presence of a positive heterophile antibody agglu- 
tination, since Kent ^ has leported a case of 
rapidly fatal monocytic leukemia in which a high 
and rapidly increasing heterophile agglutination 
titer was piesent One of us (F C H ) had 
the opportunity to study this case, and it was 
a classic example of leukemia with widespread 
hetei oplastic infiltiates Even though a positive 
heterophile agglutination reaction is rare except 
in patients with infectious mononucleosis and 
in patients lecently treated with horse serum, it 

2a Copley, A L , and Robb, T P Studies on 
Platelets I Method of Vilanno and Pimentel and a 
New Direct Method of Counting Blood Platelets, Am 
J Chn Path 12 362, 1942 

3 Kent, C F “False” Positive Paul Bunnell 
(Heterophile) Reaction^ Am J Chn Path 10 576, 
1940 


does sometimes appear in those with leukemia ■ 
Hence, the presence of abnormal though chiefly 
matuie l)nnphocytes in association with a posi- 
tive reaction to a Paul-Bunnell test does not, 
as many laboiatoiy technicians think, clinch the 
diagnosis of infections mononucleosis There- 
fore, the necessity exists for careful and pains- 
taking moiphologic studies of the blood in cer- 
tain bizarre cases of infectious mononucleosis 

We can only hypothesize as to the cause of 
this apparently lare triad of complications of 
infectious mononucleosis which w'^e have just 
piesented It is oui belief that any of these 
complications may occui singly Certainly leuko- 
penia IS not at all rare We w ei e able to find,how^- 
ever, recoids of bul few’’ cases of proved throm- 
bopenic pnrpuia fiom infectious mononucleosis 
in the literature ^ A study of Magner’s case 
show’-s that no platelet counts weie made and a 
paucity of platelets on the stained film was the 
only evidence of thrombopema submitted 
Anemia as a complication of infectious mono- 
nucleosis, though rarely lecoided, is occasional!}' 
observed, and it is quite possible that thrombo- 
peiiia might be found more fiequently if in all 
cases in w Inch petechiae are encountered platelet 
counts ai e performed 

The anemia has been ascribed to a hemolytic 
process,® and it has been moie or less dog- 
matical!} stated that “anemia does not occur in 
uncomplicated cases” of infectious mononucleo- 
sis ® It is our belief that the anemia may also 
lesult fiom an infiltration of the bone marrow, 
w'lth a resultant depression of all the formed 
blood elements Fieeman,'^ studying suigical 
biopsy specimens of the bone marrow in infec- 
tious mononucleosis, has appai ently demonstrated 
such an infiltration Moi cover, it does not seem 
unieasonable to assume such an infiltration in 
view of the observations by Ziegler, in whose 
case visceral infiltrative lesions were encoun- 
tered Fuitheimoie, Kilham and Steigman ® 
found infiltrates similai to those of Ziegler in 
biopsy specimens of the livei If such an infil- 
tiation should be the cause of the anemia, leuko- 

4 Magner, W , and Brooks, E F Infectious Mono- 
nucleosis with Acute Thronibopenic Purpura, Canad 
M A J 47 35, 1942 Loyd, P C Acute Thrombo- 
cytopenic purpura in Infectious Mononucleosis, Am J 
M Sc 207 620, 1944 

5 Moore, C Personal communication to one of us 
(J T R) 

6 Wintrobe, M M Clinical Hematology, Phila- 
delphia, Lea & Febiger, 1942 p 746 

7 Freeman, W Bone Marrow Studies in Glandular 
Fever, Am J Qin Path 6*185, 1936 

8 Kilham, L , and Steigman, A J Infectious 
Mononucleosis, Lancet 2 452, 1942 
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penia and thi ombopema in these cases that we 
have recorded, the lesion in the bone marrow 
IS probably more in the nature of a focal infec- 
tious granulomatous process than a simple hetero- 
plastic infiltration At least this is oui belief 

CONCLUSIONS 

Thiee hundred cases of infectious mononu- 
cleosis were obseived, and the usual long and 
varied list of clinical findings were encountered 
Only cases show'ing a positive heterophile agglu- 
tination reaction w^ere included m this senes 
In 6 cases the patients had anemia, and in 
3 of this group tliere w^ere leulvOpeuia and 


till ombopema which came on iapidl;y In none 
of these 3 cases were any of the usual clinical 
manifestations of infectious mononucleosis pres- 
ent, with the exception of mild adenopathy 
It IS hypothesized that this triad of hematologic 
findings may have been due to depression of the 
acfivity of the bone mairow lesultmg fiom an 
infectious granulomatous process involving the 
marrow^ It is furthei hypothesized that such 
a pathologic process may also be the underlying 
cause for the disturbances of the central nervous 
S3rstem and foi the pulmonary, gastrointestinal 
and hepatic manifestations w^hich aie sometimes 
seen in infectious mononucfeosis 



AZOTEMIA ASSOCIATED WITH GASTROINTESTINAL HEMORRHAGE 

AN EXPERIMENTAL ETIOLOGIC STUDY 
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GALVESTON, TEXAS 


j\Ian\ woikeis^ have confinned the ouginal 
obsei A ations oi Sanguinetti " that an elevation 
of the nitrogen content of the blood may be asso- 
ciated A\ith gasti oentenc bleeding Opinions con- 
cerning the pathogenesis of this condition are not 
in agreement Sanguinetti - attributed the azp- 
temia to absoiption of piotein fiom the intestine. 

From the Departments of Medicine and Phaiina- 
colog\, The University of Texas Scliool of Itlcdicine 

Hoffman-LaRoclie, Inc , supplied the heparin used 
in these studies 

1 (a) Christiansen, T Uraemia as Cause of Death 
m Massne Hemorrhage from Peptic Ulcer, Acta med 
Scandina\ 85 333-345, 1935 (b) Meiler, L Post- 

haemorihagic Uraemia, ihid 87 313-325, 1935 (c) 

Alstcd, G Furthci Studies on Azotemia Following 
Hemorrhage m the Digestne Tract, Am J M Sc 
192 199-208, 1936 (rf) Meyler, L Uraemia Due to 
Dehjdration, Acta med Scandinav 90 475-488, 1936 
(c) Sucic, D Akutc Arotamie bei grossen gastro- 
intestinalcn Blutungcn, Khn Wchnschr 14 1316-1318, 
1935 (/) Schiff, L , and Stevens, R J Elevation 

of Urea Nitrogen Content of the Blood Following 
Hematemesis or Melena, Arch Int Med 64 1239-1251 
(Dec) 1939 (cr) Stevens, R J , Schiff, L , Lublin, A, 
and Garber, E S Renal Function and the Azotemia 
Following Hematemesis, J Clin Investigation 19 233- 
237, 1940 (//) Schiff, L , Stevens, R J , Goodman. 

S , Garber, E, and Lublin, A Obsen ations on the 
Oral Administration of Citrated Blood in Man I The 
Effects on the Blood Urea Nitrogen, Am J Digest 
Dis 6 597-602, 1939 (i) Kaump, D H , and Parsons, 

J C Extrarcnal Azotemia on Gastro-Intestinal Hem- 
orrhage I General and Clinical Consideration, ibid 
7 189-190, 1940, (j) II Experimental Observations, 
ibid 7 191-194, 1940 (b) Chunn, C F, and Harkins, 

H N Experimental Studies on Alimentary Azote- 
mia I Role of Blood Absorption from Gastro-Intes- 
tinal Tract, Surgery 9 695-705, 1941 , (/) Alimentary 
Azotemia Due to Whole Blood Absorption from the 
Gastro-Intestinal Tract, Proc Soc Exper Biol & 
Med 45 569-571, 1940 (m) Chunn, C F , Harkins, 

H N , and Boals, R T Experimental Studies on 
Alimentary Azotemia III Site of Blood Absorption, 
Surgery 11 56-62, 1942 (>i) Yuile, C L , and Haw- 

kins, W B Azotemia Due to Ingestion of Blood 
Proteins Blood Urea Increase Related to Ingestion ot 
Whole Blood, Red Cells, Plasma and Other Proteins, 
Am J M Sc 201 162-167, 1941 (o) Johnson, J B 

The Pathogenesis of Azotemia in Hemorrhage (from 
the Upper Gastro-Intestinal Tract, J Clin Investiga- 
tion 20 161-168, 1941 (/>) Crohn, B B , and Lerner, 

H H Gross Hemorrhage as a Complication of Peptic 
Ulcer, Am J Digest Dis 6 15-22, 1939 (g) Wood, 

L J Treatment of Hemorrhage, Bnt M J 2 115- 


augmentation of geneial metabolism and chloro- 
pema Alsted studied the condition m pa- 
tients and suggested blood piessuie effects and 
intestinal absoiption as possible causes Book- 
less expi essed the belief that the elevated 
blood urea levels weie mainly due to rapid 
bi eakdown of tissue pi otem Black suggested 
and Johnson stated that azotemia does not 
occui in patients in the absence of i eduction m 
renal function The foimer believed the evi- 
dence inadequate to establish renal impairment 
as the causal mechanism Stevens, Schiff, 
Lublin and Garbei lepoited that elevation of 
blood uiea associated with gastrointestinal bleed- 
ing was not due to impanment of lenal function 
in the absence of shock Chiistiansen attrib- 
uted the azotemia to an intoxication fiom blood 
stagnating in the intestinal canal Harkins and 
co-woi kers studied the pioblem by giving 
beef blood to dogs They pioposed a new term, 
“alimentary azotemia,” and concluded that azo- 
temia is due to absorption of digested blood and 
that starvation, dehydiation, bleeding, hypo- 
chloremia and shock did not play a major pait 
in its production Yuile and Hawkins pi e- 
sented conclusions m essential agieement with 
those of Haikins They emphasized the lole 
of absoiption of digested blood as the cause and 
stressed that comparable amounts of protein in 
the foim of red blood cells, plasma, casein or 
lean meat cause similar inci eases 

At least two wi iters. Bookless and Alsted,^*^ 
have expi essed the belief that the patients with 
the most pronounced azotemia are clinically 
uremic Values of 190 and 216 mg per hundred 
cubic centimeteis of uiea were obtained for 2 

121, 1936 0) Black, DAK Urea Clearance in 

Hematemesis, Lancet 1 323-325, 1939 (s) Bookless, 

A S Uremia After Hemorrhage, Guy s Hosp Rep 
88 22-33, 1938 (0 Glass, J Untersuchungen tiber 

die experimentelle Chlorverarmung, ihre Folgen und 
die Ursache des Dechlorurationstodes (Zugleich ein 
Beitrag zur Frage der Dechlorurationsuramie und der 
eiweissschutzenden Wirkung des Kocbsalzes), Ztschr f 
d ges exper Med 82 776-805, 1932 

2 Sanguinetti, L V Azoemias en el curso de 
las hemorrhagias retenidas a nivel del tubo digestive 
(estudio cbmeo experimental). Arch argent de 
enferm d ap digest 3 ' de la nutricion 9 264-287, 1934 
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patients While this mcw point may be ciiticized 
on the basis that most modern opinions of the 
pathogenesis of uiemia discredit any likelihood 
that retention of urea is lesponsible for the azo- 
temia, the beliefs have been expressed and need 
answering at least to the extent of indicating 
whether treatment is needed for the elevated 
nitrogen level, and if so, what treatment It is 
obvious that an understanding of the mechanism 
of the condition undei discussion must be the 
basis for intelligent theiapy 

Because of the disagi cements refeiied to and 
the implications legarding therapy, this pioblem 
has been investigated again 

PLAN OF STUD\ 

All studies were made on dogs, 66 animals in all 
being employed The study was made on experimental 
animals because we believe that it would be difficult, 
if not impossible, to evaluate the relative part played 
by several factors all of which might be present simul- 
taneouslv in a guen patient Accordingly, we consid- 
ered the various possibilities which might cause 
azotemia in a clinical case of bleeding from the upper 
part of the gastrointestinal tract We ha\e therefore 
experimentally evaluated each possibility separately and 
several combinations of possible causes The causes 
considered and studied were (1) absorption of digested 
protein from the intestine, (2) effects of low blood 
piessure alone, (3) combinations of the preceding causes, 
(4) anemia, (S) dehjdiation as a result of deprivation 
of water and (6) renal damage due to absorption of 
some breakdown product of the blood in the intestine 

The dogs were fed veil on Puiina Dog Chow for 
se\eral days and were then deprived of food for twelve 
to fifteen hours prior to the beginning of the observa- 
tions The experiments were controlled by estimating 
the values for blood urea nitrogen on 4 fasting dogs 
over twenty-eight hours and by giving 3 dogs respec- 
tivelj 14, 20 and 28 4 Gm of homologous blood per 
kilogram of bodj’’ vv eight by stomach tube and bv 
gwing 1 dog 13 Gm of meat per kilogram The blood 
urea nitrogen values were followed at various intervals 
up to twenty-two houis after the feeding, when they 
had returned to normal The effect of blood in the 
gastrointestinal tract was studied bv withdrawing blood 
rapidly from the external jugular vein, citrating it with 

2a Following is the formula for Purina Dog Chow 
Checkers used in this experimental wmrk 


Protein 

Per Cent 

22 50 

Fat 

5 50 

Fiber 

3 75 

Ash 

7 00 

Carbohydrates (nitrogen free extract) 

50 25 

Moisture 

11 00 

Calcium 

1 75 

Phosphorus 

1 00 

Magnesium 

0 11 

Potassium 

0 70 

Soluble chlorides (as NaCl) 

1 25 

Iron 

Pnrts/Million 
ISO 00 

Copper 

8 00 

Cobalt 

0 10 

Manganese 

75 00 

Carotene 

1 70 


2 5 cc of 10 per cent sodium citrate per hundred cubic 
centimeters of blood of one dog and giv ing it by stomach 
tube to another dog When the combined effects of low 
blood pressure and absorption of digested protein were 
studied, blood was withdrawn from the jugular vein, 
citrated and given to the same dog by stomach tube 
A uniform dose of 30 cc of blood per kilogram was 
used in all expeiiments in which blood was fed It 
IS realized that this represents a large hemorihage 
The amount was deliberately made large with the belief 
that if results were not obtained with such amounts 
the}-^ would not be obtained with smaller amounts and 
with the knowledge that dogs withstand loss of large 
amounts of blood relatively safelj Lowered blood 
pressures were produced b} puncture of the external 
jugular vein The blood pressure was lowered to 
various levels, usuallj' to 80 mm of mercuiy oi below 
Thirty per cent of the calculated blood volume was 
removed initially One to three additional bleedings 
were required to lowei the blood pressure sufficiently 
in some animals The blood volume was estimated as 
8 per cent of the body weight Blood pressures were 
detei mined by diiect puncture of a femoral arterv 
according to our modification of the method of Dame- 
shek and Loman ® The effects of anemia were studied 
by following the blood urea nitrogen level in dogs made 
acutely anemic by bleeding and by’ giving blood from 
othei dogs (30 cc per kilogram) to dogs made severely 
anemic by previous bleeding The effects of dehvdia- 
tion were noted by withholding water from twelve to 
twenty’-four hours, during which time blood had been 
fed, the blood pressure lowered or these two procedures 
combined, and comparing the results obtained after the 
same procedures and after water had been given bv 
stomach tube Strangely , many of the dogs did not appear 
thirsty even after extreme hemorrhage — contrary to 
clinical experience with bleeding patients The possible 
factor of the absorption from the intestine of a sub- 
stance toxic to the kidney was studied by determining 
urea clearance before and during a period of digestion 
of blood This was done during periods of normal 
and of low blood pressure Urea clearance was also 
studied on some dogs with blood pressures lowered by 
bleeding Studies of urea cleaiance were done by the 
method and standards of Summerville, Hanzal and 
Goldblatt 1 and determinations of urea were made bv 
standard urease methods ® 

Hematocrit studies and determinations of the specific 
gravity of both heparinized whole blood and heparin- 
ized plasma were performed routinely on all dogs to 
be sure our results were not complicated or confused 
by fluid shifts The specific gravity of whole blood 
-and of plasma was studied by’ the “falling drop me o 
of Barbour and Hamilton " 


3 Dameshek, W, and Loman, J Direct Intra- 
Arterial Blood-Pressure Readings m Afan, Am J 
Physiol 101 140-148, 1932 

4 Summerville, W W , Hanzal, R F> m 

blatt, H Urea Clearance in Normal Dogs, Am 
Physiol 102 1-8, 1932 

5 Van Slyke, D D , and Cullen, G E , m Peters, 
J P, and Van Slyke, D D Quantitative Clinical 
Chemistry, Baltimore, Williams & Wilkins Company, 


1932 

6 Barbour, H G , and Hamilton, W F The 
Falling Drop Method for Determining Specific Gravitv, 
J Biol Chem 69 625-640, 1926 
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RHSULIS 

I Conti ol studies 

Foui fasting clogs weic studied ovei a peiiod 
of twenty-foui to thiit) horns to deteimine the 
eftect on blood uiea le\els The lesults aie le- 
corded in table 1 These lesults sho\N some mdi- 

Tinin ] — Confiol Blood Lica Kihogcn Valuer 


Blood Urea Nitrogen, Mg /lOO Cc 
Hcinato , ' 


Dofr Weiglit, 

ent, 


A.ftcr 

After 

After 

After 

No Kg 

To 

Initnlly 

4 Hr 

21 Hr 

26 Hr 

23 Hr 

0 12 0 

41 

101 

23 S 

22 0 

24 5 

234 

10 10 0 

40 

12 0 

IS 2 

16 8 

10 5 

14 0 

11 12 0 

14 

15 4 

17 5 

13 3 

10 1 

18 S 

12 13 4 

44 

16 1 

14 7 

14 7 

13 0 

13 0 


\idual \ariations but in geneial show unifoimtt\ 
throughout the peiiod of observation The)^ 
may be criticized on the ground that sampling 
was perhaps at too infiequent inteivals 


In these cxpciimcnts the animals w'eie given 
30 cc ot blood pel kilogram in tw^o equally 
divided doses, the second dose given two and 
one-half to thiee houis aftei the hist Caie was 
obseived to obtain dogs that were not unusually 
anemic and estimations of hematocrit values and 
specihc gravity of whole blood and of plasma 
weie made 

Fiom these data it can be seen that the uiea 
nitiogen leiel of the blood invariably uses aftei 
the giving of blood by stomach tube The eleva- 
tion is apparent within an houi aftei the blood 
has been given, the level is well elevated within 
tw o to thi ee houi s, has i cached a peak m about 
SIX houis and has letuined to wnthiii appioxi- 
matel} normal range within twelve hours 

While the time relationships of the blood urea 
nitiogen elevation aie unifoim, the extent of the 
elcAation is decidedh lacking in unifoimity 


Table 2 — Efject of Vanahlc Atiiointis of BJoo I and Meat on Blood Utca Nitiogen Levels 


Blood Drea Nitrogen Mg per 100 Cc 


Doe 

Xo 

Weight, 

Kg 

Blood 
per Kg , 
Cc 

Meat 
per Kg , 
Gm 

r - ■ - 

Tasting 

“ 


A 

A.fter Giving of Blood or Meat * 








“ ■ ■ ' ■ - -A 






(0 50) 

(1 55) 

(3 0) 

(4 38) 

(10 50) 

(18 0) 

(22 25) (26 45) 

o 

17 2 

14 0 


95 

10 0 

13 7 

18 9 

23 8 

14 7 

10 9 

10 9 81 






(0 40) 

(2 15) 

(4 20) 

(6 20) 

(S 12) 

(11 57) 

(21 55) 

4 

9 5 

23 4 


12 6 

14 7 

27 2 

85 7 

39 3 

30 8 

213 

14 9 






(1 17) 

(2 53) 

(4 SO) 

(0 20) 

(8 55) 

(13 10) 

(22 25) 


12 5 

20 0 


12 7 

151 

28 7 

37 0 

33 5 

2311 

19 0 

13 0 






(0 45) 

(2 20) 

(4 14) 

(6 18) 

(8 11) 

(11 55) 

(21 55) 

o 

17 0 


13 

13 9 

no 

14 0 

15 4 

16 4 

14 4 

12 3 

12 0 


’■ Tlio figures in pnicntliesos indicate the time (hours minutes) after blood oi moat ^^as given 


Control expenments weie also done to show' 
the relation of the effects of vaiious amounts 
of blood and the similai effects obtained by 
feeding meat Table 2 contains the data ob- 
tained These data show that the use begins 
within thirty minutes after the blood is given, 
reaches its peak from four and one-half to six 
hours after ingestion of blood and leturns to 
within noimal range in approximately twelve 
hours, although approximately eighteen houis is 
lecjuired for its return to fasting levels 

Table 2 also shows that the elevation of blood 
uiea nitrogen following ingestion of meat is of 
the same character as that obtained from inges- 
tion of blood The use following ingestion of 
meat, lesser by comparison, is due to the fact 
that 13 Gm of meat pei kilogiam contains con- 
sideiably less protein than 14 cc of blood per 
kilogram 

II Effect of feeding Hood on the blood wea 
mtiogen level 

Table 3 contains the data obtained from a 
study of 6 dogs fed blood and not allowed water 
foi the first twenty-foui houi s of the experiment 


despite the fact that a uniform dose of blood was 
given to all dogs This dose was laige, 30 cc 
of blood pel kilogram But in spite of this the 
elevation of blood uiea nitiogen is not always 
gieat (dogs 60 and 62) 

The lesults of hematociit studies and detei- 
mmations of specific gi avity on blood and plasma 
indicate that the increase in the blood urea 
values are probably not due to fluid shifts such 
as might concentiate the blood components 
These values show the reveise, if anything In 
all 6 dogs of this group theie was a consistent 
fall in the hematocrit values and specific gravity 
of whole blood and plasma The sighificance of 
this appaient dilution of the blood is difficult 
to understand in view of the restriction of water 
during the first twenty-four hours Conceivably 
it could be due to absorption of the water m 
the blood itself and the water resulting fiom 
the metabolism of the digested protein The 
decrease in the specific gravity of the plasma may 
also be contributed to by the fact that blood 
plasma proteins aie being consvmed for metabolic 
needs 


Table 3 — Effects of Ingested Blood on Urea EfiUogcn Levels 
^o Water for First Tirentj Four Hours 


Interval After 








First Bleeding 

Blood 

Blood Urea 


Specific Gra^ itv 

Blood 

Urea 



jP6(3 

^ifTAfrPTl 


1 




' Hr 

17 

Min 

Cc* 

Mg /lOO Cc 

JQ. vlil 

per Cent 

Blood 

Plasma 

J- ^ C5&uXC| 

Mm Hfc 

v^lvUl aiiLC] 

Cc /luin 

Weight, 13 Kg 









Control 

195 

87 

32 4 

1 0470 

10223 



3 

28 

195 

18 9 

352 

10490 

iKlSt 



6 

28 


235 

34 7 

1 0473 

1 0232 



9 

7 


21 2 

32 2 

1 0466 

10227 



12 



15 5 

30 5 

1 0442 

10227 



19 

47 


12 9 

34 9 

1 0481 

10220 



24 

10 


11 5 

300 

- 1 0458 

10227 



28 

22 


12 5 

310 

1 0452 

10231 



35 

45 


10 5 

317 

1 0464 

10228 



45 

85 


98 

32 2 

1 0459 

1 0231 



I>Og 18 









Weight, 15 Eg 









Control 

210 

11 8 

35 2 

1 0539 

1 0279 



3 

17 

207 

23 8 

34 8 

10535 

10284 



6 

17 


32 2 

30 7 

1 0503 

10281 



8 

57 


26 0 

33 2 

10 573 

10276 



11 

48 


19 7 

297 

1 0495 

10276 



19 

39 


14 4 

32 6 

1 0508 

1 0276 



23 

59 


14 0 

299 

1 0495 

1 0268 



28 

13 


12 6 

32 7 

1 0514 

10273 



35 

37 


14 0 

32 7 

1 0517 

1 0271 



45 

49 


12 6 

33 5 

1 0515 

1 0272 



Dog 22 









Weight, 11 4 Kg 









Control 

171 

13 3 

50 0 

1 0612 

1 0254 



2 

3 

171 

35 7 

49 8 

1 0612 

1 0262 



4 

22 


41 5 

47 2 

1 0592 

10262 



7 



500 

434 

1 0564 

1 0253 



9 

49 


40 0 

47 0 

10572 

1 0256 



12 

44 


26 6 

44 5 

1 0574 

1 0250 



23 

58 


19 0 

44 8 

1 0578 

1 0252 



30 

54 


12 6 

44 4 

1 0548 

1 0235 



36 

46 


119 

38 0 

1 0506 

1 0226 



47 

18 


13 3 

45 0 

1 0o54 

1 0237 



Dog 58 









Weight, 7 7 Kg 









Control 

lie 

13 3 

46 4 

1 0553 

1 0233 

124 

36 8 

2 


116 

17 3 

38 9 

1 0505 

1 0225 

132 


4 

27 


231 

390 

10507 

1 0226 



5 

19 


22 8 

43 8 

1 0536 

1 0229 



6 

23 


20 7 

39 0 

10500 

1 0222 



7 

22 


15 4 

380 

1 0497 

1 0227 


381 

9 

42 


10 5 

37 0 

1 0491 

1 0226 



12 

49 


6 9 

39 3 

1 0511 

1 0220 

126 


22 

31 


67 

43 0 

1 0538 

1 0233 



28 

50 


77 

34 0 

1 0460 

1 0219 



47 

1 


75 

410 

1 0577 

1 0231 

116 


48 



67 

39 0 

1 0500 

1 0226 


42 8 

49 

4 


59 

39 5 

1 0509 

1 0224 



Dog 60 









Weight, 7 9 Kg 









Control 

319 

’5 

34 0 

10478 

1 0229 

104 

75 8 

1 

51 

119 

85 

32 8 

1 0473 

1 0225 



4 

1 


15 2 

34 5 

1 0475 

1 0234 



4 

55 


11 6 

335 

1 0477 

1 0228 



5 

55 


12 8 

31 0 

1 0442 

1 0216 



7 

3 


11 9 

30 0 

1 0430 

1 0213 


49 7 

9 

22 


3 5 

293 

1 0432 

1 0212 



11 

53 


21 

280 

1 0431 

1 0211 

106 


22 

16 


21 

32 0 

1 0441 

1 0209 

107 


26 

14 


32 

298 

1 0432 

1 0200 

103 


27 

18 


28 

28 4 

1 0426 

10196 



28 

24 


29 

27 8 

1 0427 

1 0196 


84 2 

Dog 62 



• 






Weight, 4 6 Kg 









Control 

69 

5 7 

339 

1 0559 

1 0236 


0 / <£ 


55 


84 

31 2 

1 0479 

10231 

129 


* 2 

12 

69 

12 2 

32 5 

1 0479 

1 0227 

ISO 


4 

37 


11 8 

312 

1 0427 

1 0221 



5 

15 


< 12 7 

285 

1 0369 

1 0216 

134 


6 

14 


no 

294 

1 0434 

10217 



7 

11 


101 

28 0 

1 0422 

1 0215 


51 7 

8 

48 


83 

28 0 

10424 

1 0217 



12 

17 


56 

28 0 

1 0428 

10213 

138 


22 

44 


38 

260 

1 0420 

10220 

124 


27 

25 


56 

28 0 

1 0430 

1 0220 

132 


28 

22 


68 

27 7 

1 0428 

1 0215 


48 8 

29 

31 


59 

27 2 

1 0426 

10216 



48 

45 


63 

26 3 

1 0422 

1 0218 

119 


49 

45 


00 

25 2 

1 0416 

1 0218 




* Total dose of blood (SO cc per Lilogram of body weight) fed by stomach tube in two doses of 15 cc per Icilogram 

384 



TAiirc 4 — Eff^ccfs of Lozocicd Blood Piesstne by Bleeding on Blood Viea Nttiogcn Levels 

^o W Iter G!%on Durinc Tirst 'r\seUc to Twentj Tour Hours 


Interval After 









First Bleeding 


Blood Urea 


Specific Gravitj 

Blood 

Urea 



^ , 

Bled, 




1 


Pressure, 

(IHearance, 










Hr 

Min 

Oc 

Mg /lOO Oc 

per Cent 

Blood 


Plasm i 

Mm Hg 

Cc /Min 

Dog 15 











Weight, 9 S Kg 

Control 

21'. 

12 1. 

48 3 

1 0609 


10292 

120 



o 

35 

105 

161 

45 5 

10571 


10284 

110 



4 

36 

85 

18 3 

45 0 

1,0>46 


10273 

100 



S 



25 6 

43 0 

1 0526 


10271 

60 



10 

50 

(52%)-' 

310 

413 

10523 


10272 

60 



13 

42 


330 

400 

10516 


10374 

70 




4 


268 

32 7 

10455 


10263 

92 



21 

5S 


24 0 

310 

1 0472 


1 0256 

102 



SO 

40 


19 6 

23 7 

10449 


10256 




S7 

30 


14 3 

219 

1 0443 


10251 




47 

50 


112 

25 5 

1 0428 


10259 

102 


Dog IG 











Beight, 13 9 Kg 












Control 

23.'. 

1 . 9 

42 0 

1 0556 


10254 

140 



2 

19 

150 

13 3 

318 

10450 


10226 

128 



4 

16 

140 

161 

25 2 

10391 


10220 

UO 



7 

SO 

90 

15 4 

33 1 

10445 


10232 

100 



10 

15 

65 

16 1 

30 3 

10432 


10229 

106 



13 

15 


16 1 

297 

1 0425 


10223 

86 



21 

13 

(65 5%r 

16 8 

24 2 

1 0384 


1 0233 

90 



25 

27 


ISO 

25 2 

1 0426 


10239 

120 



29 

49 


13 9 

22 3 

1 0390 


1 0236 




37 



11 2 

258 

10422 


10241 




47 

14 


91 

260 

1042S 


1 0249 

120 


Dog 19 











Weight, 14 Kg 

Con t rol 

255 

13 3 

501 

1 0614 


102.39 

160 



O 

O 

o 

200 

14 0 

45 5 

1 0568 


10227 

152 



4 

13 

100 

15 4 

39 3 

10504 


1 0212 

120 



6 

43 

100 

15 8 

36 8 

10490 


10209 

110 



9 

3S 

95 

17 8 

356 

1 0484 


10212 

92 



13 

45 


200 

36 4 

10489 


10313 

78 



23 

59 

CGaTo)* 

15 8 

29 5 

10450 


10216 

97 



31 



14 0 

26 2 

10401 


1 0206 




3G 

47 


14 7 

22 0 

1 0381 


10204 

90 



47 

15 


ss 

19 8 

1 0372 


1 0212 

96 


Dog 21 











Weight, 12 3 Kg 












Control 

260 

12 6 

44 0 

1 0582 


1 0266 

160 



2 

1 

195 

151 

40 2 

1 0535 


10248 

160 



3 

5S 

200 

17 5 

371 

10507 


1 0242 

ISO 



G 

35 

90 

21 0 

370 

10507 


10244 

96 



9 

14 


238 

330 

10484 


10241 

76 



13 

17 

(76%)* 

385 

32 5 

1 0483 


10246 

72 



23 

33 


335 

277 

10458 


10250 

110 



>n 



H 8 

240 

10405 


10229 




SG 

21 


19 6 

2i0 

1 040(. 


1 0233 

105 



4G 

5S 


64 

19 8 

1 0385 


1 0229 

146 


Dog 53 











Weight, 9 7 Kg 

Control 

225 

14 6 

530 

1062S 


1 0263 

ICO 

57 9 



5G 

160 

13 7 

52 8 

10612 


1 0252 

148 



2 

20 


16 8 

49 5 

10565 


10240 

67 



o 

26 

70 

19 8 

47 5 

1 0558 


10242 

78 



4 

56 


21 0 

44 0 

1 0541 


1 0240 

50 



7 

10 

(58 6%)* 

278 

43 0 

1 0550 


10240 

50 



8 

42 


289 

42 5 

10545 


10245 




9 

53 


331 

42 0 

1 0538 


10242 

61 

0 


12 

20 


38 4 

380 

1 0502 


1 0230 

58 



22 

20 


371 

1 

1 0481 


10239 

80 



27 

35 


280 

30 0 

1 0459 


1 0237 

92 



28 

43 


34 0 

28 0 

1 0436 


10225 

92 

• 25 8 


35 

13 


20 8 

25 0 

1 0424 


10231 

94 



46 

42 


17 5 

23 0 

10421 


1 0238 

103 



47 

47 


17 5 

21 3 

lOlOS 


1 0231 


251 

Dog 55 











Weight, 11 Kg 

Control 

245 

5 6 

44 4 

1 05G7 


1 0261 

146 

57 3 


1 

2 

190 

77 

37 0 

1 0505 


1 0238 

118 



2 

3 

45 

133 

34 7 

1 0470 


1 0223 

67 



3 

34 


17 5 

34 0 

1 0470 


10233 

62 



5 

40 

50 

212 

o 3 

1 0472 


1 02.8 

72 



7 

22 


18 2 

30 0 

1 0450 


1 0231 

56 



9 

2 

(60%)* 

28 0 

30 0 

1 0441 


10233 

55 



10 



273 

232 

1 0434 


1 0230 

57 

0 


12 

46 


26 0 

270 

1 0427 


1 0233 

64 



23 

23 


24 2 

23 2 

1 0389 


10234 

95 



28 

56 


12 6 

19 9 

1 0381 


1 0237 

95 



■!0 

1 


7 6 

202 

1 0309 


1 0235 


24 5 


52 

9 


70 

18 8 

10372 


1 0244 

112 



53 

9 


42 

18 5 

1 0372 


1 0244 


29 7 

Dog 57 











Weight, 9 Kg 

Control 

210 

10 5 

372 

1 0488 


1 0227 

121 

41 1 



56 

100 

115 

30 0 

1 0425 


1 0204 

103 



0 

4 

40 

10 8 

27 7 

1 0399 


10199 

67 



3 

42 

50 

13 7 

26 0 

10384 


1 0199 

70 



5 

22 


20 9 

230 

1 0351 


10194 

02 



7 

24 

30 

204 

215 

1 0336 


1 0189 

65 



8 

49 


191 

19 5 

10319 


10186 

53 

23 


9 

49 

(60 5%)* 

19 9 

18 2 

1 0313 


10186 

01 



12 

58 


261 

15 8 

10303 


10186 

GO 



22 

50 


30 9 

13 9 

1 02% 


1 0195 

a., 



27 

50 


19 8 

13 0 

1 0292 


10193 

64 




53 


20 8 

13 0 

10287 


1 0197 


161 


46 

52 


101 

12 0 

10230 


1 0206 

9S 



47 

5S 

* 

92 

115 

10287 


10206 




49 

5 


96 

114 

10237 


10206 


274 


*■ Total per cent of calculated blood volume removed 

385 



Table 5 — Effects of a CombtnaUon of Feeding Blood and Low Bloo^ Pi cssin c 
(Piodiiced by Bleeding) on Blood Uiea Nitiogen Levels 



Interval After 
Kirst Bleeding 


Fed 

Blood Urea 




Bled, 

Cc 

Blood, 

Nitrogen, 


Hr 

Min 

Cc 

Mg /lOO Cc 

Bog 27 

Weight, 8 4 Kg 







Control 

225 

126 

l->4 


1 

57 

150 

126 

23 8 


4 

5 

100 


31 5 


6 

30 



35 7 


9 

30 

45 


34 3 


33 

41 



343 


23 

33 



273 


31 

10 



19 7 


37 

13 



17 0 


47 

35 



13 4 

Bog 28 

Weight, 11 5 Kg 







Control 

225 

17'' 

11 9 


2 


150 

173 

12 6 


O 

50 

125 


13 2 


6 

4 

120 


12 6 


9 

20 

60 


15 4 

Animal found dead next morning 



Bog 29 

Weight, 9 8 Kg 







Control 

230 

147 

27 3 


2 

5 

loO 

147 

27 3 


4 

25 

300 


308 


6 

41 

60 


30 9 


9 

45 

CO 


37 3 


13 

9 



550 

Bog died during night 




Bog 30 

Weight, 9 5 Kg 







Control 

225 

143 

14 0 


2 

10 

150 

143 

22 4 


4 

25 

100 


288 


6 

45 

55 


41 0 


9 

45 

50 


48 0 


12 

35 



52 0 


22 

40 



44 0 


29 

40 



290 


36 

25 



14 0 


47 

45 



90 


J>4 

35 



93 

Bog 31 

Weight, 9 5 Kg 







Control 

254 

ri 

13 4 


1 

50 

125 

131 

24 6 


4 

3 

70 


500 


5 

58 

50 


690 


9 

10 

40 


80 0 


12 

52 

SO 


735 


22 

5 



36 3 


29 

46 



202 


36 

8 



13 4 


46 

40 



319 



Specific Gravity 

Blood 

Urea 

Hematocrit, r- 


A 

Pressure, 

Clearance, 

per Cent 

Blood 

Plasma 

Mm Hg 

Cc /Min 

46 3 

10577 

10260 

140 


37 0 

1 0492 

1 0224 

128 


283 

1 0418 

10203 

U7 


25 4 

10397 

1 0204 

65 


25 4 

1 0394 

10218 

80 


22 8 

10375 

10210 

72 


19 9 

1 0356 

1 0216 

92 


16 0 

Clot 

1 021(. 

101 


36 0 

1 0331 

10219 

114 


15 5 

1 0321 

10226 

104 



471 

1 0aS2 

1 0261 

137 

40 0 

1 0526 

10241 

132 

36 4 

1 0484 

1 0226 

107 

31 8 

1 0451 

1 0216 

96 

28 8 

1 0423 

1 0216 

78 


34 0 

1 0476 

1 0243 

130 

27 0 

1 0407 

10221 

114 

22 5 

1 0367 

1 0207 

85 

234 

10363 

1 0213 

80 

21 5 

1 0338 

1 0215 

80 

17 0 

1 0311 

1 0209 

45 


32 9 

1 0490 

1 0248 

140 

30 0 

1 0450 

1 0225 

98 

226 

1 0285 

1 0212 

86 

22 2 

1 0275 

1 0215 

70 

22 3 

1 0379 

1 0220 

75 

20 0 

10355 

10220 

65 

17 5 

1 0351 

1 0224 

72 

15 3 

1 0330 

1 0223 

80 

14 8 

1 0316 

1 0220 

90 

13 8 

1 0316 

1 0224 

88 

13 0 

1 0309 

1 (P24 

92 


51 2 

1 0610 

1 0266 

152 

32 4 

1 0468 

1 0218 

112 

32 7 

1 0450 

10207 

96 

28 7 

1 0406 

1 0201 

90 

25 3 

1 0394 

1 0206 

76 

23 2 

1 0384 

1 0209 

76 

22 5 

1 0376 

1 0225 

80 

205 

10359 

1 0229 

100 

17 9 

1 0338 

1 0222 

92 

21 0 

1 0368 

1 0240 

96 


Bog 32 

Weight, 7 8 Kg 


Control 

220 

1 

45 

100 

3 

48 

55 

5 

40 


8 

65 

60 

12 

33 


21 

50 


29 

25 


35 

50 


46 

24 



Bog 52 

Weight, 10 2 Kg 


Control 

245 

153 

1 

34 

150 


2 

42 


153 

4 

47 

50 


6 

40 



8 

12 



9 

9 



12 

9 



22 

25 



28 

12 



34 

22 



45 

59 



47 

9 



48 

9 



52 

37 



58 

44 



68 

29 



69 

32 



70 

29 



125 




126 

40 



148 

11 



149 

36 




S7 

35 0 
24 6 

36 6 

37 0 
430 
386 
33 0 

13 4 

14 0 


31 5 

19 7 
293 
350 
288 

45 2 
42 9 

37 0 
517 
560 

46 8 

47 6 

46 5 

47 2 

38 5 
225 
18 2 
161 
16 2 
171 
17 5 

20 3 
210 


34 7 
26 2 
26 7 
23 6 
20 6 
18 5 
18 4 
10 5 
13 6 
15 0 


270 
21 8 
18 0 
17 5 
15 0 
15 0 
14 8 
13 7 
12 5 
12 0 
10 5 
10 8 
110 
10 8 
10 5 
10 5 
10 0 
100 
10 0 
30 2 
10 2 
10 5 
10 5 


1 0498 
1 0433 
1 0413 
1 0380 
1 0364 
1 0330 
1 0335 
1 03‘’3 
1 0301 
1 0324 


1 0450 
1 0392 
1 0335 
1 0325 
1 0311 
10313 
10331 
1 0310 
1 0307 
1 0296 
10299 
10310 
1 0304 

10306 
1 0303 

10307 
1 0304 
1 0303 
1 0300 
10322 
10318 
1 0313 
1 0316 


1 0205 

120 

1 0233 

100 

1 0221 

85 

1 0223 

70 

1 0215 

92 

1 0217 

78 

1 0233 

92 

1 0229 

94 

1 0216 

93 

1 0230 

98 


1 0286 

105 

531 

10252 

82 


1 0232 

56 


10231 

78 


10223 

58 

101 

1 0225 

46 

1Q224 

60 


1 0226 

55 


1 0230 

56 


10227 

60 


10231 

63 


1 0241 

67 


10238 


70 

1 0240 

76 


1 0242 

79 


1 0233 

90 


1 0241 

1 0242 

1 0242 

92 

15 7 

1 0259 

98 


1 0258 


24 4 

1 02o9 

110 


1 0?j9 


200 


386 



Tabie 5 — Eft Cl is of a Combwaiion of Feeding Blood and Loiv Blood Picsiiiu (P) educed by Bleeding) 

on Blood Uica Nitiogcn Levels — Continued 


Inter\ nl After 



Pjrst Bieeding 


Ked 

Blood Urea 


Specific Graiitj 

Blood 

Urea 



X 

Bled, 

Blood, 

NitroBcn, 

"Worn n .. 


A 

Pressure, 

Clearance, 


r 





Dob 54 

WeiBht, 7 8 Kb 

Hr 

Mm 

Cc 

Cc 

Mb /lOO Cc 

per Cent 

Blood 

Plasma 

Mm Hg 

Cc /Min 



Control 

190 

nr 

70 

' 30 4 

1 0502 

1 0200 

136 

49 5 



47 

117 


86 

30 0 

1 0439 

1 0228 

120 



2 

15 


117 

123 

24 6 

1 0384 

1 0221 

63 



3 

16 

75 


13 3 

24 0 

1 0383 

10221 

72 



4 

57 



173 

20 5 

1 0336 

1 0201 

65 



6 

59 

40 


19 3 

18 4 

1 0324 

' 10200 

75 



S 

30 



28 0 

ICO 

10301 

1 0194 

58 

32 


9 

40 



22 8 

ICO 

1 0307 

1 0199 

56 



12 

7 



27 9 

15 3 

1 0319 

1 0203 

54 


Doe 56 

WclEht, S 0 Kb 











Control 

190 

120 

66 

39 4 

1 0519 

1 0237 

138 

36 1 


1 


ISO 


97 

35 0 

1 0486 

1 0219 

100 



2 

50 

50 

ISO 

ISO 

34 8 

1 0467 

1 0S15 

80 



rt 

O 

S 

40 


18 9 

33 0 

1 044 7 

1 0210 

78 



5 

21 

10 


284 

28 5 

1 0428 

1 0208 

72 



C 

59 

40 


25 2 

24 8 

1 0377 

10196 

70 



8 

39 



30 8 

23 5 

1 0355 

1 0199 

67 

17 4- 


0 

43 



32 2 

0'> f> 

1 0354 

1 0196 

64 



12 

IS 



312 

201 

1 0329 

1 0196 

69 



22 

57 



112 

17 0 

1 0324 

1 0204 

90 



2S 

36 



81 

16 8 

1 0321 

1 0208 

100 



29 

47 



49 

15 6 

1 0312 

1 0204 


49 4 


51 

50 



34 

15 2 

1 0323 

1 0215 

112 



52 

46 



34 

14 6 

1 0321 

1 0217 


57 5 

Dob 59 

WeJeht, 10 Kb 












Con f ml 

040 

loO 

10 5 

52 0 

1 0614 

1 0254 

165 

i6 S 


1 

20 

60 

150 

12 2 

42 3 

1 0534 

1 0227 

116 



0 

49 

100 


14 6 

42 5 

1 0519 

10222 

82 



4 

47 

100 


24 4 

47 5 

1 0479 

1 0211 

79 



7 

30 



SOS 

30 0 

1 0445 

10205 

27 



S 

53 



38 2 

33 0 

1 0450 

1 0212 

17 



0 

5 

Died 








Doe 51 

Weight, 5 s Kb 












Control 

140 

sr 

11 3 

45 3 

2 0559 

1 0242 

117 

411 


1 

4 

9S 


14 0 

35 0 

1 0470 

1 0206 

121 



2 

22 

75 

87 

19 6 

36 5 

1 0479 

1 0202 

84 



3 

53 



26 9 

30 0 

1 0427 

1 0187 

52 



4 

53 

25 


317 

26 7 

1 0389 

1 0177 

68 



6 

36 


• 

394 

23 7 

1 0352 

1 0172 

55 



7 

47 



47 5 

22 8 

1 0384 

1 0177 

54 



9 

3 



54 6 

21 8 

1 0348 

1 0178 

56 

62 


10 

11 



517 

22 0 

1 0346 

1 0182 

55 



12 

17 



51 3 

21 0 

1 0345 

1 0186 

53 



22 

37 



20 3 

18 0 

1 0333 

1 0195 

81 



97 

20 



118 

17 5 

1 0321 

1 0193 

78 



28 

22 



112 

10 5 

1 0322 

1 0194 


31 3 


29 

32 



10 0 

15 8 

1 0315 

1 0195 

75 



47 

39 



118 

14 0 

1 0316 

1 0215 

S4 



48 

42 



118 

13 2 

1 0316 

1 0214 


26 5 


Determinations of blood piessure were made 
on dogs 58, 60 and 62 It will be noted that 
the pressures lemamed noiraal throughout the 
expenment The elevation of blood urea nitro- 
gen was in no way therefoie due to lowering 
of the blood pressure by the absorption from the 
intestine of a vasodilating substance produced 
by the digestion of blood 

Studies of urea clearance weie also made on 
dogs 58, 60 and 62 The values were at all times 
normal and theiefoie indicate that the elevation, 
of blood urea nitrogen due to blood in the in- 
testine is not caused by the absorption from the 
intestine of a nephrotoxic substance which de- 
creases renal function 


III Effect on the blood uiea nitrogen of a 
lozveied blood piesswe due to bleeding 
Table 4 contains the data obtained from the 
study of 2 dogs, on 3 of which studies of urea 
clearance were made Water was withheld foi 
the first twelve to twenty-four hours of the ex- 
periment The data show that theie may be an 
extensive elevation of the uiea nitrogen levels 
following bleeding The following conclusions 
seem justified While there is a very slight 
use in the urea nitrogen values regardless of the 
effects on the blood pressure, the rise m urea 
nitrogen is not beyond the normal range unless 
the systolic blood pressure is lowered to less 
than 80 mm The slight rise in blood urea 
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nitiogen in most of the dogs in this group befoie 
the systolic pressure was reduced to below 80 
mm may have been due to the handling of the 
dogs and is probably an insignificant noimal 
variation, but most probably it was due to the' 
fact that blood piessures were taken and if found 
not down to significantly low levels the animal 
was bled The pressures v^ere not taken at the 
end of the bleeing but at appi oximately two 
hour intervals after the pievious bleeding It 
seems likely that the pressui e was down for a ' 
period after each bleeding but ma)'- have come 
back before the next leading of piessure was 
taken 

When the piessuies are i educed to 80 mm 
or below and maintained theie, a characteristic 
cuive results The blood urea nitiogen goes up 
slowly, reaches a peak in twelve to twenty-four 
houis and slowly falls This is m contradistinc- 
tion to the quickei rise and fall seen when blood 
is given b}' stomach tube 

Studies on dogs 53, 55 and 57 show that theie 
IS a great i eduction in renal function coinci- 
dental with the peak ele\ation of blood uiea 
niti ogen and with the greatest i eduction m blood 
piessure With lettiin of the blood piessure to 
noimal levels, the urea cleaiance increases 
tonard or to normal values 

The hematocrit values and specific gravity of 
blood and plasma in this group of dogs show 
piogressively the changes characteristic of those 
which follow hemoirhage No tj^pe of fluid shift 
which would confuse the interpi etations is mani- 
fested by these results 

It IS concluded fiom the study of the data 
obtained from this group of dogs that the loss of 
blood alone may result in elevation of the blood 
urea nitrogen if the loss of blood sufficiently 
low ers the blood pressure In this group of dogs 
the critical level of pressure appears to be about 
80 mm of mercury systolic 

We interpret the data to indicate that the 
elevation of urea nitrogen associated with the 
external loss of blood is due to diminished renal 
function which results from lowering the -blood 
pressure * 

IV Effect on the blood w ea niL ogen of a com- 
bination of lozvermg the blood pressui e by bleed- 
ing and feeding of blood 

Eleven dogs w'eie studied in this group On 
5 of the 1 1 studies of urea clearance were made 
In general, the combination of procedures (bleed- 
ing and feeding blood) results in the early rise of 
urea nitrogen chaiacteristic of feeding blood, the 
piolonged rise characteristic of low^ered pressure 
and a greater rise than is characteristic of either 
procedure alone In general also it is seen that 


the systolic blood piessure must be i educed below 
the critical level of about 80 mm of mercury 
to pioduce decided and piolonged rises in blood 
urea nitrogen It may also be noted that the 
peak values for the blood uiea nitrogen coin- 
cided usually wnth the gieatest fall in blood 
piessure, and the low'est values foi uiea clear- 
ance coincided with both 


Tabif 6 — Effect of Scveic Anemia on Urea Nitrogen 
Aftei Feeding of 30 Cc /Kg of IVhole Blood 


Interval 
liter First 
Bleeding 

Blood 

Blood 

Urea 

Nitrogen, 

Hema 

Specific Gravitj 

< 

^ 

Fed, 

Cc 

Mg per 

toent. 

f 

-A ^ 

Hr 

Mm 

ICO Cc 

iO 

Blood 

Plasma 

Dog 23 

Weight, 9 8 Kg 

Control 

147 

17 5 

23 3 

1 0419 

1 0267 

2 

28 

147, 

24 5 

22 8 

10432 

10269 

4 

6 


SOS 

23 7 

10424 

10263 

6 

2 


A 5 

24 8 

1 0424 

1 0267 

9 

12 


35 0 

239 

10413 

10267 

12 

33 


273 

22 8 

10419 

10273 

21 

46 


21 0 

25 2 

10445 

10277 

25 

18 


19 0 

23 0 

10421 

1 0271 

32 

58 


17 5 

231 

1 0417 

10268 

4S 

19 


17 5 

24 0 

1 0424 

10269 


Doe 24 

Weight, IS 5 Kg 


Control 

202 

84 

21 8 

10392 

1 0242 

2 

25 

202 

16 8 

24 3 

10409 

10248 

4 



26 5 

22 8 

10402 

1 0250 

5 

55 


30 8 

22 5 

1 0397 

10256 

9 

5 


21 0 

213 

10389 

10253 

12 

26 


17 5 

20 8 

10387 

10248 

21 

40 


14 0 

22 0 

10401 

10249 

25 

11 


15 3 

24 4 

1 0384 

10249 

35 

52 


84 

23 S 

10398 

10249 

48 

12 


56 

24 0 

1 0409 

1 0249 

Dog 25 







Weight. 13 4 Kg 







Control 

201 

18 2 

2C5 

1 0421 

1 0229 

2 

22 

201 

22 5 

22 8 

1 0389 

10218 

3 

54 


28 0 

22 6 

10379 

10215 

5 

51 


33 0 

25 9 

10419 

1 0233 

9 



23 0 

26 2 

10421 

10233 

12 

20 


18 2 

25 3 

1 0410 

1 0223 

21 

34 


14 0 

26 8 

10427 

10223 

25 

0 


14 0 

22 9 

1 0394 

10223 

32 

46 


10 5 

218 

1 0373 

10215 

48 

7 


84 

221 

103S0 

1 0221 

Dog 26 







Weight, 12 4 Kg 

Control 

186 

25 0 

25 5 

1 0429 

1 Olio 

o 

22 

186 

28 7 

25 9 

1 0441 

1 0256 

3 

50 


37 0 

26 9 

10448 

10259 


47 


45 0 

24 5 

1 0417 

10248 

8 

54 


30 0 

22 0 

1 0392 

10238 

12 

13 


22 4 

22 3 

1 0400 

10238 

21 

29 


210 

23 6 

10411 

10240 

24 

59 


218 

19 7 

10376 

10231 

32 

40 


14 6 

217 

1 0381 

1 0233 

4S 

1 


10 5 

20 6 

1 0376 

1 0225 


V Effect on the blood urea nitiogen of anemia 
due to bleeding 

It may be ascertained from a study of the data 
in tables 4 and 5 that anemia itself, even of severe 
grades, is not sufficient to cause elevation of the 
blood urea nitrogen For example, dog 57 
(table 4) had a blood urea nitrogen level of 
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9 6 nig pel hundred cubic centimeteis with a 
hematociit value of 11 4 pei cent Similaily 
dog 30 (table 5) had a value foi blood mea 
niti ogen of 9 3 mg pei hundi ed cubic centi- 
meteis and a hematociit value of 13 pei cent 
Many other dogs mentioned m tables 4 and 5 
shoued similai lelationships, but these 2 exeni- 
phf} the point bettei Dog 63 (table 7) also 

Table 7 — Efjcct of Scvcic Anemia on Renal Function 
as Mcasiiicd by Uiea Cleaiancc 


Intcrvnl Blood Urea 

\ftcr Dren Specific Blood Clear 

First Nitrogen, Hema Gravity Bres- ance. 

Bleeding, Bled, Mg per toent, , '• , sure, Cc per 


Days 

Cc * 

100 Cc 

% 

Blood Plasma 

Mg Hg 

Min 

Dob 63 

Weight, 5 S Kg 
Control 3oS 

11 3 

45 3 

1 0559 

1 0242 

117 

41 1 

2 


ns 

13 2 

1 0316 

10214 

84 

26 6 

7 


82 

16 2 

10333 

1 0224 

91 

32 0 

Dog 64 
Weight, 7 
Control 

2 Kg 

865 

14 5 

42 5 

1 0577 

1 0292 

146 

38 9 

3 

150 


191 

10377 

10255 

112 


4 

50 


13 7 

1 0322 

10231 

lOS 


7 


93 

15 6 

1 0353 

1 0263 

120 

29 7 

Dog 65 
Weight, 7 
Control 

7 Kg 

13 3 

46 4 

10553 

10233 

132 

368 

2 

250 

04 

38 4 

1 0497 

10227 

116 

42 8 

20 

350 

14 0 

28 0 

1 0434 

10237 


357 

23 

no 


15 4 

10317 

1 0228 

100 


24 

40 


13 4 

10308 

10229 

90 


27 

242 

19 7 

13 0 

1 0330 

10254 

100 

271 

(261 cc of plasma returned) 




31 



90 

10311 

10254 

89 

18 7 

Dog 66 

Weight, 9 0 Kg 
Control 4 16 

10 5 

37 2 

1 0488 

1 0227 

121 

41 1 

2 


101 

12 0 

1 0286 

10206 

96 

274 

20 


12 5 

12 5 

10300 

10238 

105 

164 

23 



12 4 

1 0303 

10261 

no 


24 



13 8 

10321 

10258 

100 


27 


29 9 

15 0 

10338 

1 0279 

86 

25 8 

28 

Died 

- 






Dog 67 

Weight, 4 6 Kg 
Control 

57 

33 9 

1 0559 

1 0236 

129 

67 2 

2 


63 

26 3 

1 0422 

1 0218 

119 

79 2 

7 


82 

30 3 

1 0439 

10215 

138 

37 8 

8 

250 







10 

220 


18 4 

10333 

10210 

120 


11 

158 


13 6 

1 0300 

1 0206 

128 


14 


12 6 

13 2 

1 0318 

10240 

no 

24 6 


Died 


* Bled by puncture of the jugular vein after determinations 
Tvero made 

clearly showed that even seveie anemia does not 
suffice to cause an elevation of blood urea nitro- 
gen 

VI Effect on the blood mea mil ogen of giving 
anemic dogs 30 cc pei kilogram of whole blood 
and of anemia on 1 enal function as ineasm ed 
by urea clearances 

Table 6 contains the data pertaining to our 
study of the combined effects of feeding blood 
and anemia on the blood urea nitrogen Four 


dogs made anemic by pievious bleeding, usually 
a numbei of days before, seived as the subjects 
of this phase of the experiment 

Comparison of the data in table 6 and table 3 
shows that theie is no greatei use in the blood 
urea nitiogen pioduced by giving 30 cc of blood 
per kilogiam to anemic dogs than lesults fiom 
giving blood to dogs with noimal hematociit 
values Hematocrit levels of about 50 per cent 
of the normal weie piesent in seveial instances 

Table 7 contains the data for 5 dogs on which 
the effect of anemia on the uiea clearances weie 
studied Uiea clearances were determined on 
dogs with normal or slightly low hematociit 
levels By bleeding these animals, the hemato- 
ciit values were gradually reduced, in some in- 
stances to rather low levels, and the uiea clear- 
ance was determined at intervals as the hemato- 
crit levels were reduced by repeated bleedings 

Analysis of the data presented in tables 6 
and 7 does not result in an entirely clear concept 
concerning the effect of anemia on uiea clear- 
ance The data, however, appear to warrant 
the following conclusions Moderate decrease 
in the hematociit values is not associated with 
a decrease m urea clear ante While severe 
anemia is associated with a decrease m the urea 
clearance as compared with the control level 
obtained when hematocrit values are normal, 
this decreased level may still be well within the 
range of normal for dogs in general In some 
instances (dog 65) the striking decrease was also 
associated with a low blood pressure While 
there appears to be a definite decrease in uiea 
clearance as a result of a seveie anemia, this 
anemia alone is never the cause of an elevated 
blood uiea nitrogen level 

VII Effect of foicing of wofei on the uiea 
mil ogen level foUoxmng ingestion of 30 cc of 
blood per kilogram in two equal doses 

Comparison of the results in table 8 with those 
recorded in table 3 will show that the giving 
of 10 cc of water per kilogram by tube to 2 
dogs and as much as 50 cc per kilogram of 
water by tube to 1 dog did not affect the level 
to which the blood urea nitrogen rises after the 
giving of blood by stomach tube Neither did it 
affect the rate at which the peak is reached, nor 
did It alter the time required for the blood levels 
of urea nitrogen to return to normal 

As in all our other experiments, the hemato- 
crit values and the specific gravity of the blood 
and plasma indicated no fluid shifts which could 
confuse the results 

It IS concluded from a limited number (3) 
of experiments that forcing of vater in doses 
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of 10 to 50 cc pel kilogram does not aftect the 
level to which the blood urea nitrogen rises as a 
result of blood given in doses of 30 cc per 
kilogram by stomach tube 

Fill Effect of forcing water on the elevation 
of blood urea nitrogen associated with the lozv 
blood pr’essure caused by heirwr thage 

Comparison of the levels of blood urea nitio- 
gen in table 4 with those m table 9 m dogs bled 






Bled r> ^di-er Sled -y/sier gi^^en 


Chart 1 — Comparison of blood pressures, blood ui ea 
nitrogen levels and specific gravities of the blood and 
of the plasma of dogs which were bled and given water 
in the first twenty-four hours (broken lines) and of 
dogs bled and not given water (solid lines) Percent- 
ages in the upper graphs indicate the percentage of 
the total calculated blood volume removed 

to 1 educe the blood pressure to comparable levels 
in both gioups shoivs that the levels of blood 
urea nitrogen are definitely lower in the dogs 
bled and given water b}’' tube than those of a 
group of dogs treated similarly except that water 
was restricted for the first twenty-four hours 
It will be seen also that the urea clearance tends 


to lemain higher at compaiable blood piessures 
in the gioup given water 

Chart 1 piesents these compaiisons graphi- 
cally It can be noted from analysis of the 
cur\ es that the blood pi essui es in the two groups 
aie comparable and that not only do the levels 
of urea nitiogen fail to go as high in the dogs 
given water but they fall to normal a numbei 
of hours befoie they do m those dogs for which 
watei was restricted foi twenty-four hours 

In order to throw fuithei light on the mecha- 
nisms involved, the blood urea nitrogen levels 
111 the group given water and m the group not 
given water were correlated with the changes in 
the specific gravity of the blood and plasma 





Chart 2 — Comparison of blood pressures, blood urea 
nitrogen levels and specific gravities of the plasma of 
dogs bled and fed blood to which water was given 
(broken lines) and of dogs to which water was not 
given (solid lines) in the first tw'cnty-four hours 

It appears warranted to say that the blood 
uiea nitrogen levels rise to significant!}' lower 
levels when the animals aie given water This 
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ma} be due to inci eased dilution of all body 
fluids 01 to bettei lenal excretion 

IX Effect of foi cing of zvatei on the elevation 
of blood weo mtiogen due to a combination of 
low blood piesswe and feeding of blood 

Compaiison of the lesults lecoided m tables 
5 and 10 show definitely that the level to which 
the blood uiea nitiogen uses in dogs as a result 


In geneial, the values foi urea cleaiance in 
the two groups weie highei in the group given 
watei by stomach tube than they were in the 
gioup in which water was lestricted It is likely, 
then, that the giving of water was beneficial even 
when comparable blood pressures were obtained 
Chart 2 shows these comparisons more effec- 
tivel)'’ giaphically than do tables 5 and 10 


Table S — Epecf of Watei by Stomach Tube on Uiea Nitiogen Aftei Feeding of 
30 Cc /Kg of Blood by Stomach Tube 


Interval After 




First Bleeding 

Water 

Fed 

Blood Urea 

f 

, 

Given, 

Blood, 

Nitrogen, 

Hr 

Min 

Cc 

Cc 

Mg /lOO Cc 

DogSS 





Weight, 11 C Kg 







116 



Control 


174 

84 

2 

15 


174 

15 4 

4 

20 



232 

0 

7 



34 4 

7 

S 



230 

8 

9 



23 8 

13 

8 



112 

19 

50 



42 

37 

13 



43 

31 

20 



4 4 

43 

25 



2 1 

Dog 43 





Weight, 9 3 Kg 







463 



Control 


140 

84 

2 

28 


140 

21 0 

4 

7 

465 


30 0 

5 

15 



32 9 

6 

23 



30 8 

7 

23 



25 5 

8 

27 



23 1 

14 

9 



119 

00 

5 



91 

23 

45 



91 

35 

18 



10 0 

46 

5 



12 4 

Dog 40 





Weight, 14 5 Eg 







145 



Control 


218 

34 0 

2 

10 


210 

36 4 

4 

10 



482 

1 

5 

42 



517 

6 

50 



51 7 

7 

40 



35 3 

9 

15 



283 

12 

40 



18 9 

20 

20 



13 3 

27 

S 



18 9 

35 

10 



200 

44 

40 



18 2 


TIavt* ti ^ ^ 

Specific Gravity 

A 

Blood 

Urea 

Clearance, 
Cc /Min 

per Cent 

Blood Plasma 

X^JIcodU1C| 

Mm Hg 


10 0 

1 0533 

1 0267 

117 

104 0 

42 0 

1 0533 

10264 



39 8 

1 0526 

10261 

124 


39 0 

1 0520 

1 0253 



33 0 

1 049S 

1 0262 


76 0 

36 0 

1 0493 

1 0259 



34 0 

1 0460 

1 0252 



37 0 

1 0489 

1 0263 



33 0 

1 0489 

1 0258 


55 0 

310 

10474 

1 0246 



35 0 

1 0509 

1 0255 




37 5 

1 0310 

1 0272 

58 4 

36 0 

a 0519 

10276 


350 

10523 

1 0280 

h 

37 0 

10517 

102S0 . 


85 0 

1 0488 

1 0262 

92 8 

35 0 

1 0496 

10267 


S3 5 

1 0486 

1 0267 


35 0 

1 0506 

10276 


38 0 

10528 

10282 


38 5 

1 0526 

1 0282 


37 5 

1 0524 

1 0278 


395 

1 0533 

1 0279 



43 7 

1 0545 

10245 

36 2 

42 0 

10540 

1 0238 


40 0 

1 0540 

1 0242 


42 0 

1 0537 

10243 


41 0 

10528 

10244 

46 2 

39 8 

1 0519 

10232 


380 

10410 

1 0228 


34 4 

10487 

1 0225 


39 0 

1 0524 

10240 


39 6 

1 0507 

10242 


44 0 

1 0567 

10244 


42 0 

10542 

10237 



of low blood piessure and feeding of blood is sig- 
nificantly less when water is given by stomach 
tube than when watei is restricted Study of the 
detailed figures for specific gravity of plasma in 
the two gioups (with and without water) appears 
to show that there is no significant diffeicrice 
It seems unlikely, therefore, that the lower levels 
of urea nitrogen in the group given watei is due 
to a dilution efifect of the plasma 


It IS concluded theiefoie that dehydration may 
be a factor m the extent to which blood urea 
nitiogen values rise as a result of feeding blood 
and of low blood pressures 

SUMMARY AND CONCLUSIONS 

Azotemia associated with gastrointestinal 
hemorrhage was investigated by estimating the 
effects on the blood urea nitrogen of lowering 


Table 9 — Effect of Wafci by Stomach Tube on the Blood Uica Niiiogen 
m Dogs utfh Low Blood Piessuic from Hemonhage 



Interval After 










First Bleeding 

14 ater 


Blood Urcu 


Specific Gratify 

Blood 

Brea 




Given, 

Bled, 

Xitrogen, 




Pressure, 

Clearance, 








Hr 

Mm 

Cc 

Cc 

Mg /lOO Cc 

per Cent 

Blood 

Plasma 

Mm Hg 

Cc /Min 

Doe 37 

•Weight, 11 1 Eg 



111 











Control 


275 

91 

43 5 

1 0542 

1 0271 

110 

54 0 


2 

5 


174 

74 

34 8 

1 0452 

1 0236 

88 



5 

10 


50 

81 

36 0 

1 0463 

1 0225 

71 



6 

27 



84 

36 0 

1 0448 

1 0223 




7 

28 



88 

36 0 

1 0457 

10228 

86 

101 0 


8 

29 


100 

81 

360 

1 0439 

1 0228 

89 



12 

15 



98 

34 0 

1 0420 

10221 

74 



20 

10 


(07 3%)* 

35 

31 0 

1 0403 

1 0219 

81 



27 




35 

230 

1 0352 

1 0219 

104 

82 0 


31 

45 



3 2 

23 0 

1 0397 

1 0218 

110 


» 

43 

50 



32 

23 5 

1 0399 

1 0229 

96 


Dog 39 

Weight, 10 5 Eg 



105 









Control 


250 

22 4 

44 7 

1 0544 

1 026S 

126 

15 5 


2 



175 

280 

34 0 

1 0459 

1 0233 

105 



4 

3 


50 

30 8 

270 

1 0403 

1 0212 

65 



6 

30 


90 

35 6 

28 0 

1 0399 

10215 

104 


1 

9 

9 


42 

38 4 

21 4 

1 0339 

1 0199 

72 


! 

10 

35 



42 0 

21 1 

1 0325 

1 0198 



- 

11 

41 


(72%)» 

27 0 

19 5 

1 0319 

1 0199 


4 2 


12 

40 



29 4 

19 5 

1 0324 

1 0201 

68 



20 

15 



26 6 

19 0 

1 0327 

1 0211 

70 



27 

10 



213 

19 0 

1 0314 

1 0217 

92 



35 

3 



14 7 

15 0 

1 0317 

1 0226 

102 


Dog il 

Weight, 9 7 Kg 

44 

So 

4S3 


11 9 

15 0 

1 0338 

1 0238 

100 



Control 


2o0 

14 0 

42 0 

1 0525 

1 0240 

140 

22 9 


1 

58 


165 

13 3 

37 5 

1 0475 

1 0227 

116 



3 

59 


100 

14 0 

S5 5 

1 0456 

10224 

86 



7 

41 

485 

85 

12 6 

31 5 

1 0421 

1 0216 

86 



q 

50 

4So 

100 

14 7 

225 

1 0328 

1 0183 



t 

10 

43 



14 0 

21 0 

1 0296 

10180 



r 

11 

50 


(90%)* 

12 6 

26 0 

1 0332 

• 10189 

78 

331 

- 

12 

47 



11 2 

26 0 

1 0332 

1 0189 




14 

10 



11 9 

235 

1 0312 

1 0185 

62 



20 


Died 








Dog 47 

Weight, 8 2 Kg 




- 

- 









82 









Control 


200 

12 4 

310 

1 0433 

1 0212 

100 

35 0 


1 

18 


130 

13 6 

26 0 

1 0403 

1 0203 

84 



2 

37 



15 6 

25 5 

1 0361 

1 0194 

58 



4 

7 



17 0 

24 0 

1 0355 

10190 

59 



5 

34 

82 

40 

191 

23 0 

1 0346 

1 0189 

66 



7 

44 



201 

200 

1 0329 

1 0186 

65 



8 

54 

82 

(56 4%)* 

204 

200 

1 0315 

1 0188 


SOS 


9 

56 



18 8 

19 0 

1 0306 

1 0183 

75 



12 

15 



16 4 

17 0 

1 0306 

1 0187 

85 



21 

39 



12 0 

17 8 

1 0310 

1 0200 

90 



27 

57 



11 0 

16 0 

1 0318 

1 0203 

90 


Dog 49 

Weight, 6 3 Kg 



63 











63 









Control 


150 

11 7 

39 0 

1 0509 

1 0225 

125 

90 


1 

10 


100 

84 

38 0 

1 0491 

1 0212 

120 



9 

35 


75 * 

75 

36 0 

1 0455 

1 0198 

83 



4 

45 



89 

33 0 

1 0437 

1 0197 

68 



6 

8 

75 


91 

31 8 

10415 

1 0190 

56 



7 

37 

75 

91 

30 0 

1 0404 

1 0186 

83 



8 

55 



119 

290 

1 0361 

1 0181 

49 

91 


9 

52 


(79 4%)» 

12 6 

27 5 

1 0351 

10179 

53 



12 

7 



13 5 

25 7 

1 0354 

1 0186 

50 



22 

13 



12 0 

208 

1 0330 

1 0193 

71 



28 

1 



86 

17 0 

1 0312 

1 0189 

76 



* Total par cent of calculated blood volume removed 
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Table 10 — Eftcci of Feeding Watci on Blood Uica Nttiogen of 
Dogs Bled and Fed Blood 


Intel \ ill After Blood Urea 



Kirst Bleeding 

Water 


Blood 

Nitrogen, 

Hem a 

Specific Gravitj 

Blood 

Urea 


^ A. 


Gi\en, 

Bled, 

Fed, 

Mg per 

tocrit. 


A 

Pressure, 

Clearance. 




f 



Hr 

Win 

Co 

Cc 

Cc 

100 Cc 

per Cent 

Blood 

Plasma 

Mm Hg 

Cc /Mm 

Dog 43 

Weitnt, 9 0 Kfc 



95 












95 










Control 


200 

143 

10 8 

36 5 

1 0505 

1 0260 

130 

25 4 


2 

8 


150 

143 

16 9 

32 0 

1 0480 

1 0255 

120 



4 

50 

95 

95 


oOl 

28 5 

1 0441 

1 0248 

104 



8 

25 


100 


25 7 

21 8 

10363 

10226 

102 



9 

30 




23 9 

20 0 

1 0343 

1 0212 




10 

30 

95 

(72 7%)* 


181 

19 5 

1 0343 

1 0213 




11 

33 




16 7 

20 5 

1 0333 

1 0209 

95 

30 0 


li 

19 




H2 

18 2 

1 0335 

1 0215 




23 

20 




63 

17 0 

1 0342 

1 0228 

102 


Dot 44 

WeiElit, 13 6 Kg 



ISO 












136 










Control 


280 

204 

15 6 

42 0 

1 0557 

1 0243 

132 

39 9 


2 

o 


200 

204 

22 5 

40 0 

10528 

10231 

128 



4 

45 

130 

180 


40 8 

35 0 

1 0479 

1 0220 

114 



8 

20 


145 


51 2 

285 

1 0418 

10200 

95 



9 

30 

130 



j4 0 

24 5 

1 0360 

1 0192 




10 

25 


(74%)» 


46 6 

24 6 

1 0369 

1 0191 




11 

23 




45 6 

24 3 

1 0355 

1 0187 

87 

14 8 


13 

23 




44 6 

24 8 

1 0305 

10193 




23 

7 




27 3 

21 S 

1 0354 

1 0204 

109 


Dog 45 


. . 








k 


Weight, 5 9 Kg 



59 












59 










Control 


150 

89 

14 8 

46 0 

1 0564 

1 0241 

138 

28 5 


1 

1 


100 


17 2 

41 5 

1 0584 

1 0210 

128 



2 

7 


70 

89 

22 2 

35 0 

1 0445 

1 0194 

90 



3 

4 




24 5 

31 0 

1 0413 

1 0179 

02 



4 

45 

59 

50 


22 6 

29 5 

1 0404 

1 018b 

84 



8 

IS 




25 0 

24 5 

1 0341 

10178 

68 



9 

,.2 

59 

(78%)* 


24 5 

230 

1 0333 

1 0178 


28 3 


10 

25 




23 6 

21 8 

1 0325 

10178 

72 



12 

42 




161 

20 0 

1 0325 

1 0183 

66 



22 

32 




77 

18 0 

1 0335 

1 0204 

88 



29 

15 




56 

16 5 

1 0329 

1 0215 

95 


Dog 40 

Weight, 8 0 Kg 



80 

« 











80 










Control 


200 

120 

19 8 

36 0 

1 0480 

1 0229 

128 

34 4 


0 

52 


130 


19 2 

32 0 

1 0449 

10208 

100 



1 

58 


50 

120 

26 8 

30 5 

1 0414 

1 0205 

72 



2 

41 




32 0 

28 0 

1 0347 

1 0199 

66 



4 

51 

SO 

SO 


39 5 

24 5 

1 0363 

1 0195 

71 



8 

8 • 


50 


32 4 

20 4 

1 0329 

1 0192 

83 


- 

9 

12 


30 


31 7 

19 0 

1 0317 

1 0190 

70 



10 

9 




31 7 

Clot 

1 0279 

10184 

68 

22 3 


12 

17 


(76 5%)* 


27 7 

16 8 

1 0280 

1 0187 

73 



22 

10 




12 6 

160 

1 0309 

10202 

89 



28 

50 




101 

15 0 

1 0315 

1 0209 

92 


Dog 48 

Weight, 7 3 Kg 















40 

73 










Control 


175 

110 

17 5 

350 

1 0459 

1 0221 

106 

26 7 


1 

19 


75 


15 8 

24 4 

1 0377 

1 0193 

77 



2 

33 


50 

110 

19 0 

24 0 

1 0339 

1 0192 

70 



3 

57 




278 

20 0 

10311 

1 0181 

60 



5 

28 

73 

50 


221 

19 5 

1 0311 

1 0180 

75 



7 

41 




224 

16 5 

1 0283 

1 0175 

64 



8 

56 

73 

(60%)* 


19 7 

163 

1 0284 

1 0180 


22 7 


9 

51 




18 4 

14 5 

1 0272 

1 0180 

66 



12 

6 




151 

13 5 

10275 

1 0181 

76 



21 

45 




85 

15 7 

1 0292 

1 0197 

80 


Dog 60 

Weight, 7 2 Kg 

27 

47 

72 



5 5 

14 0 

1 0292 

1 0198 

76 





72 










Control 


175 

108 

11 9 

35 3 

1 0482 

1 0243 

106 

10 8 


1 

10 


115 


13 5 

28 0 

10417 

1 0220 

96 


r 

2 

30 


80 

lOS 

161 

283 

1 0404 

1 0219 

78 

1 


4 

47 


50 


19 7 

20 0 

1 0325 

10192 

74 



5 

17 

72 



21 3 

19 2 

1 0316 

10192 

62 



7 

39 


60 


222 

18 0 

1 0305 

10190 

74 



8 

48 

72 



21 8 

17 8 

10291 

1 0187 




0 

47 


(81 5%)* 


21 6 

17 0 

1 0284 

1 0186 

S3 

70 


12 

0 




17 2 

15 0 

1 0281 

1 0187 

59 



22 

3 




86 

14 0 

1 0299 

1 0212 

93 



27 

49 




5t5 

13 0 

1 0299 

1 0214 

% 



Total per cent of caleulnted blood volume removed 




394 


ARCHIVES OF INTERNAL MEDICINE 


blood pressure b} bleeding, of feeding dog’s 
blood by stomach tube, of anemia, of withholding 
uater and of combinations of these in sixty-two 
experiments on dogs 

Systolic blood pressuies of 70 to 80 mm of 
mercury resulted m rises of blood urea nitrogen 
to 25 to 40 ing per hundred cubic centimeters 
Blood by stomach tube raised the blood urea 
nitrogen levels to 25 to 30 mg per hundred cubic 
centimeters The rise and fall of blood urea 
nitrogen due to ingested blood was fastei than 
that due to low blood pressuie Severe anemia 
due to hemorrhage did not produce azotemia 
Combined effects of low blood pressure and blood 
by stomach tube produced rapid rises of blood 
urea nitrogen chai actei istic of the lattei, rises 
ot longer duiation characteiistic of the foimei 


and highei levels than one would expect from 
eithei alone 

Urea clearance was not diminished in dogs 
given blood by stomach tube Falls in urea 
clearance occurred in every dog in which there 
were a significant fall in blood pressure and an 
elevation of blood urea nitrogen Values of 
urea clearance and blood urea nitrogen in dogs 
with different intakes of water indicate that 
dehydration may contribute to azotemia asso- 
ciated with gastrointestinal bleeding 

Azotemia associated with gastrointestinal 
bleeding may be due to decreased renal function 
caused by low blood pressure and dehydration 
or to absorption of digested blood proteins 
Anemia is not a factoi Absorption of digested 
blood from the gasti ointestinal tiact does not 
deciease rpnal function 



APLASTIC ANEMIA AND ITS ASSOCIATION 
WITH HEMOCHROMATOSIS 

KURT ZELTMACHER, MD, and MARGARET BEVANS, MD 

NEW YORK 


Although hemochiomatosis is a conipai atively 
laie condition, its association with aplastic 
anemia is frequent enough to suggest that the 
combination of the two diseases is more than 
accidental The pin pose of this papei is to draw 
fuither attention to this association by leviewmg 
the leported cases, adding anothei case and dis- 
cussing the pathologic changes common to the 
two conditions 

Whitby and Britton ^ stated that about 150 
cases of idiopathic aplastic anemia are lecorded in 
the literature on medicine Thompson, Richtei 
and Edsall ^ and later Rhoads and Miller ^ drew 
attention to the disci epancy betw^een the pe- 
ripheral blood and the bone maiiow' and to the 
fiequent occurience of cellular and even 
hj percellular inaiiow^ when the elements in the 
peripheral blood w^eie i educed in numbeis 
Rosenthal * distinguished between tw o forms 
of aplastic anemia, the typical and the 
at}pical The atypical foim includes the chronic 
t}pe of aplastic anemia with cellulai marrow, 
also called pseudoaplastic anemia Bomfoid and 
Rhoads ° suggested that until a classification 
liased on causation is available the teim refrac- 
toi} anemia be used foi eveiy anemia which fails 
to 1 espond to any form of treatment except trans- 

From the Depaitment of Medicine, New York Uni- 
\ersitv College of Medicine, and the Third (New York 
Unnersity) Medical Division and the Laboratories of 
Pathology, Goldwater Memorial Hospital, Welfare 
Island, N Y 

1 Whitby, L E H , and Britton, C J C Dis- 
oideis of the Blood, ed 4, London, J & A Churchill, 
Ltd, 1942 

2 Thompson, W P T , Richtei , M N , and 
Edsall, K S An Anab'sis of So-Called Aplastic 
Anemia, Am J M Sc 187 77 (Jan ) 1934 

3 Rhoads, C P, and Millei, D K Histologj of 
the Bone Marrow in Aplastic Anemia, Arch Path 26 
648 (Sept ) 1938 

4 Rosenthal, N Aplastic Anemia and Osteo- 
sclerosis, in Downe}'-, H Handbook of Hematology, 
New York, Paul B Hoebei, Inc, 1938, vol 3, pp 
2203-2230 

5 Bomford, R R , and Rhoads, C P Refractory 
Anemia, Quart J Med 10 175 (Jufi) 1941 


fusions of blood Israels and Wilkinson® de- 
sciibed the syndiome of achiestic anemia as dif- 
feient fiom aplastic anemia, but this sepaiation 
lias not been accepted by othei investigators ’’ 

In a study of 66 patients with refiactoiy 
anemia, Bomford and Rhoads ® subdivided their 
cases into foui groups according to the findings 
in the bone marrow In 9 of 31 patients with 
lefiactoiy anemia characterized b}’- partly mature 
cellulai mairow, corresponding to the pseudo- 
aplastic anemia described by other obseiveis, a 
varying degree of pigmentation of the skin devel- 
oped in the course of several years In 3 patients 
with marked pigmentation, 1 of whom had dia- 
betes, autopsy levealed the lesions of hemo- 
chiomatosis Kark ® and Mackey ° each repoited 
an instahce of chronic aplastic anemia compli- 
cated b}'- hemochromatosis No autopsy was done 
in Kark's case, so the diagnosis could not be 
confirmed except insofai as examination of a 
piece of excised skin showed changes that were 
said to be characteiistic The case of a patient 
with cirrhosis of the livei and pernicious anemia 
who aftei satisfactory lesponse to liver therapy 
became hypei sensitive to livei was reported by 
Maikofl: Pigmentation of the skin developed, 

and the patient died because of anemia which 
was lefractor}'- to liver therapy and because of 

6 Israels, M C G , and Wilkinson, J F Achrestic 
Anemia, Quart J Med 5 69 (Jan) 1936, New' Obser- 
vations on the Etiology and Piognosis of Achrestic 
Anemia, ibid 9 163 (Apiil) 1940 

7 Castle, W B , and Minot, G R Pathological 
Physiology and Qinical Description of ‘the Anemias, 
New York, Oxford University Press, 1936, p 113 
Schulten, H Lehrbuch der klinischen Haematologie, 
Leipzig, Georg Thieme, 1939, p 385 Zaiiaty, A F 
Sternal Puncture in Pernicious and Achrestic Anaemia, 
Lancet 2 1365 (Dec 11) 1937 Bomford and Rhoads^ 

8 Kark, R M Two Cases of Aplastic Anaemia, 
Guj’s Hosp Rep 87 343 (July) 1937 

9 Mackey, R Unusual Case of Aplastic Anemia 
with Organ Qianges Resembling Hemochromatosis, 
M J Australia 1 172 (Feb 7) 1942 

10 Markoff, N Eijthropoetische Knocheiimarks- 
funktion beini Lebercirrhose und Hamochromatose 
Deutsches Arch f klin Med 183 289, 1938 
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uuconti ollable bleeding The presence of hemo- 
chromatosis was confirmed at autops)’’ How- 
ever, studies of the bone mariow showed the 
changes of pernicious anemia, and for this lea- 
son the case is not included in our series Other 

orkers,^’^ who revieu ed larger numbers of 
cases of aplastic anemia, did not state that either 
pigmentation of the skin or hemochromatosis 
was revealed at autops}'^ 

Sheldon,^^ m his monograph reviewing the 
literature on hemochromatosis up to 1935, stated 
that “the blood picture is noimal except foi a 
slight degree of anemia which is by no means 
constant, and is no more than is to be expected 
in the terminal stages of an}' chronic disease ” 
Naegeh mentioned the occasional occurrence 
of anemia m hemochromatosis Butt and Wil- 
der described the cases of 30 patients for 
whom a diagnosis of hemochromatosis was made 
during life These authors found an average of 
3,990,000 red blood cells pei cubic millimeter 
with slight macrocytosis in 3 patients Wmtrobe 
and Shumackei ’s and Wintrobe’s papers men- 
tioned 1 case of their owm and 4 in the litera- 
ture in w'hich pigmental y cirrhosis was present 
with macrocytic anemia A case of pernicious 
anemia associated wnth hemochromatosis was re- 
ported by Roth and by Cam R R Ki acke, 
discussing Cain’s papei,^' mentioned a patient 
with macrocytic anemia, hepatomegaly and 
splenomegaly, without glycosuria and without 
abnormal pigmentation of the skin, w'ho at 
autopsy presented the visceral changes of hemo- 
chromatosis No further details of the autopsy 
or of the blood picture w'ere given In Header’s 

11 January, L E, and Fowler, W M Aplastic 
Anemia, Am J Clin Path 10 792 (Nov ) 1940 
Vaughan, S L Aplastic Anemia, New York State 
J Med 42 978 (May 15) 1942 Davidson, L S P , 
Davis, L J , and Innes, J Studies in Refractory 
Anemia, Edinburgh M J 50 226 (April) 1943 

12 Sheldon, J H Haemochromatosis, London, 
Oxford University Press, 1935 

13 Naegeh, O Blutkrankheiten und Blutdiagnostik, 
ed 5, Berlin, Julius Springer, 1931, p 330 

14 Butt, H R , and Wilder, R M Hemochroma- 
tosis, Report of Thirty Cases in Which Diagnosis 
Was Made During Life, Arch Path 26 262 (July) 
1938 

15 Wmtrobe, M M , and Shumacker, H S , Jr 
Occurrence of Macrocytic Anemia in Association with 
Disorder of the Liver, Bull Johns Hopkins Hosp 52 
387 (June) 1933 Wmtrobe, M M Relation of 
Disease of the Liver to Anemia, Arch Int Med 57 
289 (Feb) 1936 

16 Roth, O Zur Pathogenese und Klinik der 
Haemochromatose, Deutsches Arch f khn Med 117 
224 (May) 1915 

17 Cam, J C Hemochromatosis — Report of Six 

Cases, Texas State J Med 36 356 (Sept ) 1940 


case immatuie forms ot eiythrocytes and 
gianulocytes w'ere present ni the peripheral 
blood Even fiom this short review it is apparent 
that anemia is not a feature of hemochromatosis 
and that if piesent it is due to complicating con- 
ditions 

REPORT OF A CASE 

P B , a 65 year old w'hite American of German ex- 
traction, was admitted to Goldwater Memorial Hospital 
on Sept 22, 1943 He complained of weakness, short- 
ness of breath and swelling of the legs 

Htsfory — The patient had been a structural engineer 
until 1929 Since then he had worked as a laborer 
There w'as no available evidence of exposure to hemo- 
toxic agents He had consumed large amounts of alco- 
hol in his youth, but his intake for the past thirty years 
had been moderate None of his family was known to 
have suffered from any disease of the blood There 
was nothing in his history wdiich could be considered 
relevant to his present condition 

Approximately five years prior to the patient’s first 
admission to the hospital his marked pallor had been 
commented on by his wife and his friends, but he felt 
well and did not seek medical attention In December 
1942, w’eakness, dyspnea on exertion and edema of the 
region of the ankles necessitated hospitalization During 
the follow'ing se\en months he w'as readmitted to the 
hospital fi\e times for blood transfusions In April 1943 
he W'as readmitted because of congestive heart failure 
and was given maintenance doses of digitalis and 
mercurial diuretics 

The patient stated that he had lost 30 pounds (13 6 
Kg) since 1940 There was no history of dyspepsia, 
burning of the tongue, dysphagia, tendency to bleed or 
to bruise easily or paresthesias He was hospitalized in 
another institution from July to September 1943, when 
he was transferred to Goldw'ater Memorial Hospital 
Treatment in both hospitals consisted of intramuscular 
administration of large quantities of liver extract, iron 
and vitamins and transfusions of blood 

Physical Examination— At the time of his admission 
to the hospital the patient appeared w'eH developed but 
chronically ill He w'as not dyspneic There was evi- 
dence of recent loss of weight The skin and the visible 
mucous membranes w'ere strikingly pale, with a sug- 
gestion of an icteric tint On the left forearm two 
ecchymoses, approximately 1 cm in diameter, w'ere 
present, and many irregularly shaped dark browm- 
pigmented areas w'ere visible over the dorsa of the hands 
and on the forearms No other signs of pigmentation 
were noted There were no detectable enlargements of 
the lymph nodes The eyelids were slightly edematous 
The scleras were lemon yellow' The fundi were not 
pale There were old small retinal hemorrhages in the 
right eye Slight atrophy of the lateral borders of 
the tongue w'as noted Engorgement of the veins of the 
neck W'as observed, and arterial pulsations were seen 
in the supraclavicular spaces There were a few moist 
rales over the base* of each lung The heart was en- 
larged to the left The sounds were of good quality, 
with a soft systolic murmur at the apex transmitted 
toward the base The blood pressure was 150 mm ot 
mercury systolic and 50 diastolic The liver was pa - 
pable 9 cm below the costal margin in the midclavicular 
line, it was firm and nontender, and the edge was sharp 
The spleen w'as palpable 2 cm below the left costal 

18 Meader, C N Hemochromatosis with Abnormal 
Blood, Tr Am Clin & Climatol A 57 124, 1942 
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margin and was firm and not tender No fluid w'ave or 
shifting dulness ivas present The genitalia were normal 
except for edema of the scrotum There was pitting 
edema of the lowci extiemities Koilonychia was not 
seen The reflexes were normal There w'ere no sensoij’^ 
disturbances, and the senses of vibration and position 
W'ere normal 

Laboratory Data — Urine The urine an as concen- 
trated to 1 024 It gave negative reactions to tests for 
albumin and sugar and (in a dilution of 1 10) to the 
test for urobilinogen Tests for bile and for Bence 
Jones protein also gaie negative results Examination 
of the urinary sediment reiealed no abnormal changes 
The results of the phenolsulfonphthalein test were 
as follows first hour, excretion of 30 per cent of 
the dye second hour, excretion of 10 pei cent 



Fjg * 1 — Smeai of steinal marrow' showing normo- 
blasts in different stages of development The cell in 
the low'cr left cornei represents the eailiest normoblast 
in the field The cell placed next to it for companson 
i& a myeloc)'te The cell below' the myelocyte is a pro- 
normoblast Wright’s stain, X 1,600 

Blood The fasting level of the blood sugar on two 
occasions was 110 mg and 130 mg lespectively per 
hundred cubic centimeters The dextrose tolerance test 
show'ed a fasting level of 118 mg per hundred cubic 
centimeters of blood, one hour after administration of 
100 Gm of dextrose, 214 mg , and tw'O hours after ad- 
ministration of dextrose, 167 mg (Dextrose was absent 
from the urine throughout this test ) The blood con- 
tained 34 mg of nonprotein nitrogen per hundred cubic 
centimeters It show'ed 4 3 mg of uric acid, 8 9 mg of 
calcium and 4 6 mg of phosphorus per hundred cubic 
centimeters The serum contained 1 4 Bodanskj units 
of alkaline phosphatase and 114 mg of cholesterol (514 
mg as esters) per hundred cubic centimeters The total 
protein w'as 5 6 Gm , the albumin 3 98 Gm and the 
globulin 169 Gm, jier bundled cubic centimeters The 


suifobromophthalem sodium test (5 mg , pei kilogram of 
body weight) showed retention of 7 5 per cent of the 
dye after thirt}' minutes and no retention after forty-five 
minutes The cephalin flocculation test gave negative 
results The prothrombin time, determined with diluted 
plasma (12 5 pei cent), was seventy seconds (normal, 
thirty-seven to forty-two seconds) With daily paren- 
teral administration of 6 mg of menadione in corn oil 
the prothiombin time decreased to sixty-one seconds 
on the sixth and seventh days and increased to seventv- 
five seconds on the ninth and tenth days In the congo 
red test 77 4 per cent of the d> e w'as left in the blood after 
one hour The icterus index was 4 5 and 4 units The 
van den Bergh direct test gave negative results , the 
indirect showed a slight trace of bilirubin The Kahn 
and Kline reactions of the blood were negative 

On the patient’s admission to the hospital there w'ere 

1.400.000 red blood cells, 4,900 w'liitc blood cells and 

216.000 platelets per cubic millimeter , the hemoglobin 
content w'as 36 per cent and the reticulocytes amounted 
to 3 1 per cent The mean corpuscular volume was 
100 cubic microns, the mean corpuscular hemoglobin 
33 micromicrograms and the mean corpuscular hemo- 
globin content 33 pei cent The color index was 1 I 
The differential count was as follows polj'morpho- 
nuclear cells 48 per cent, stab cells 14 per cent, eosino- 
phils 2 per cent, basophils 1 per cent, monocytes 3 per 
cent and Ij mphocvtes 32 per cent The red cells show'ed 
marked anisocytosis and poikilocytosis Manv macro- 
cytes were seen Polychromatophilic and large baso- 
philic stippled led cells were rare Tw'O normoblasts 
per hundred W'hite blood cells were counted The bleed- 
ing time, the coagulation time and the reaction to the, 
Rumpel-Leeds test were normal The result of a test 
of the red cells for fragility gave results within normal 
limits 

During the patient’s stay in the hospital his red cell 
counts varied betw'een 1,150,000 and 2,500,000, his 
hemoglobin between 34 per cent and 54 per cent and 
his white blood counts betw'cen 2,600 and 6,100 The 
reticulocyte count decreased to below 1 pei cent during 
the last two months 

Bone Marrow An aspiration of the bone marrow' was 
done on Oct 27, 1943 The smears were very cellular 
There was an increase in the percentage of nucleated red 
cells, with basophilic and polychromatic normoblasts pre- 
dominating (fig 1) The number of mature granulo- 
cytes was markedly diminished Hemosiderin was 
present in the reticulum cells, the number of W'hicli 
W'as increased * 

The following tabulation summarizes the differential 
count of the cells of the bone marrow 

Per Cent Per Cent 


Myeloblasts 

20 

Polymorphonuclear 


Prom 3 ''elocj'tes 

22 

cells, neutrophilic 

18 

Myelocytes 


Lymphocytes 

48 

Neutrophilic 

46 

Reticulum cells 

34 

Eosinophilic 

06 

Undifferentiated 


Metamyelocytes 


cells 

06 

Neutrophilic 

62 

Pronormoblasts 

20 

Eosinophilic 

06 

Normoblasts 


Stab forms 


Basophilic 

182 

♦ Neutrophilic 

180 

Polychromatic 

26 0 

Eosinophilic 

02 

Orthochromatic 

8 8 

Stomach On gastric analysis free hydrochloric ac 


W'as found in a fasting specimen and in all specimens 
after administration of alcohol 

Stool No ova, parasites or occult blood w’crc demon- 
strated in the stool 
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Roentgen Fmdmgs (Reported by Di Heniy K 
Taylor) — The lungs were normal except foi a mod- 
erate degree of emphj^sema The heart was enlarged, 
and the configuration was of a hypertensive type 
There was no increase in the density of the liver 
There was no evidence ot osteosclerosis of the skull, 
spine, pelvis or lower extremities The middle third of 
the tibias showed an increase m the thickness of the 
cortex, with no encroachment on the medullary canals 
The lumbar portion of the spine showed productive 
changes in the bone The cranial vault was normal m 
thickness The diploic layer was barely perceptible 
The density of the vault was probably greater than the 
average, but was insufficient to be considered evidence 
of osteoscleiosis There were calcific deposits in the 
choroid plexus The sella turcica showed nothing ab- 
normal Theie were irregular areas of calcification in 
the pituitary fossa 

Roentgenograms of the skull, the femurs and the ali- 
mentary canal made at another hospital levealed no 
additional information , the calcific deposits in the 
choroid plexus and in the pituitary fossa were noted also 
In view of the large amounts of iron pigment found 
in the vaiious organs at autops}', it is possible that the 
radiopaque densities considered as calcific deposits in 
the choroid plexus and m the pituitary fossa were due 
to incrustations of iron However, since permission for 
necropsy did not include the brain, this hypothesis 
could not be confiimed 

Elect) oca) diogiapluc F))id)ngs — The electrocardio- 
gram show'ed normal sinus rhythm with occasional 
premature auricular contractions There w'as deviation 
ot the electrical axis to the left and left bundle branch 
block of the discordant type 

C 0 ) 1 ) sc m the Hospital — The patient’s temperature 
lose occasionally to as high as 100 F He offered no 
complaints except as to sw'elhng of the legs and tveak- 
ness, the latter condition improved after transfusions 
He W'as ambulatory He received intensive parenteral 
liver therapy, iron and copper, brewer’s yoast and a 
diet high in calories The peripheral edema w'as con- 
trolled w'lth digitalis and mercurial diuretics Trans- 
fusions of blood, some of w'hich w'ere followed by slight 
chills and elevation of temperature as high as 104 F , 
were necessary every three to four weeks During the 
last w'ceks of the patient’s life transfusions w'ere given 
more often Their effect, however, became short lived, 
edema and w'eakness increased, and after three months 
in the hospital the patient died, on Dec 29, 1943 
Necropsy — Autopsy w'as performed mnet 3 '-seven 
hours after death The permission for autopsy did not 
include examination of the brain 

Gross Examination The body w'as well nourished 
The skin was pale and slightly yellowish The scleras 
were subicteric The skin of the forearms and the 
dorsa of the hands w'as gray-brown The jaw'S were 
edentulous, and the mucous membrane of the mouth 
W'as free from pigment The tongue show'ed no atroph 3 ' 
The thyroid gland w'as enlarged and well encapsulated 
and showed many yellowish cystic areas The chest 
W'as barrel shaped, the lungs, emphysematous Both 
ventricles of the heart w'cre hypertrophied' and dilated, 
the right proportionately more than the left The myo- 
cardium was red-brow'n and showed slight fibrosis 
The hepatic, mesenteric, renal, splenic and iliac vessels 
were free of thrombi, as was the portal vein 

The abdomen contained no free fluid The liver w'as 
enormous, weighing 3,050 Gm , it reached to withm 
3 cm of the left axillary line at the level of the fifth 
rib On the right it extended 8 cm below the costal 


margin Its color was a striking oiange-brown The 
capsule W'as thickened and irregularly opaque and con- 
tained numbers of petechial hemorrhages The surface 
W'as finely nodular On section the organ was extreme!} 
firm and gritty, and the color w’as uniform Small 
irregular nodules outlined by gray-white streaks could 
be seen throughout the substance of the liver 
The gallbladder contained tw’o soft concrements but 
was otherw'ise normal 

The pancreas was firm and of a lighter orange-biown 
tint than the liver The lobular architecture was ''normal 
The spleen weighed 250 Gm The capsule was slightly 
thickened On section the organ was firm and dark red 
The fibrous markings w'ere increased 



Fig 2 — Periportal fibrosis dividing the liver into 
nodules Even at this low' magnification granules ot 
dark pigment can be seen m the cytoplasm of some ot 
the parench}mal cells Alasson’s trichrome stain X 
100 

The esophagus did not contain varices There was 
no abnoimal pigmentation throughout the stomach and 
intestines 

The kidneys showed slight cortical scarring and were 
of normal size and color 

The adrenal glands appealed to be normal 
The hilar and mediastinal Ivmph nodes were 
anthracotic The periaortic nodes were mottled rust 
and gray, while those of the peripancreatic and pen- 
hepatic regions were almost uniformly rust colored 
They were all enlarged m varying degrees 

The ribs, the sternum and the vertebrae showed 
^ray-red marrow The cortex of these bones was not 
thickened 

There was edema of the lower part of the right leg 
but no abnormal pigmentation 
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Micioscopic Examination The following findings 
were notewoithy m the present connection Small 
amounts of pigment were scattered through the alveoli 
of the lungs Some of the pigment gave a positive 
leaction to stains for iron Slightly larger amounts 
of perinuclear pigment m the heart muscle gave a 
similar reaction in addition, there was the usual 
amount of unstained hpochroine Theie was no demon- 
strable hemosiderin in the aieas of fibrosis 
The liver was divided into iriegular nodules by bands 
of fibrous tissue (fig 2) The parench 3 mial cells w'ere 







Fig 3 — Acinai cells of the panel cas Pigment gran- 
ules appear black and in some cells are so densely 
clumped as to be indistinguishable from the nuclei The 
connective tissue is increased Iron stain, X 772 

loaded w'lth biowm refractile pigment, much of w'hich 
became blue w'lth stains for non The most heavily 
laden cells w'ere those about the portal areas Manj' 
of thi‘ cells that wei e overcrow'ded with pigment seemed 
to be disintegrating The Kupffer as cvell as the 
parenchymal cells w'eie similarlj^ affected The peri- 
portal fibrous tissue was increased and contained large 
clumps of intracellulai and extracellular hemosiderin 
and unstained browm pigment The epithelial cells of 
the bile ducts w'eie likewnse pigmented There was 
moderate proliferation of small bile ducts but little 
apparent regeneration of paienchymal cells In addition 
to these changes there w^ere thickening of the central 
vein and disintegration of the cells of the liver m the 
Mcinity There w'ere moderate numbers of areas of 
extramedullary hemopoiesis 

The pancreas show'cd large amounts of hemosiderin 
m the acinai cells (fig 3) as well as in the epithelium 
of the ducts There w'as increase in fibrous tissue, 
and m it w'ere clumps of u on-contaming pigment The 
islets were large and w'ere frequently surrounded bj 
fibrous tissue A moderate amount of iron pigment 
W'as present m the islet cells The parenchjma and 
the islets had undeigone rather seiere autoljsis 
(fig 4) Howeier, it seemed that most of the pig- 


mented cells 111 the islets w'ere still lanly w'ell presen ed, 
w'hile those of the acinai tissue were necrotic Phago- 
cytes with granules of pigment w'ere also demonstrable 
Sections of the spleen show'ed chronic passne 
congestion w'lth a few small islands of extiamedullary 
hemopoiesis Stains for iron confirmed the observa- 
tion made m sections stained with hematoxvhn and 
eosin that there w'as a small amount of diffusely 
scattered iron-containing pigment 
The cortex of the adienal glands and the epithelial 
cells of the thyroid and piostate glands also contained 
hemosiderin 

Unfortunately, no sections of the testis, the gastio- 
intestinal tract oi the skin weie aiailable 
The lymph nodes w'eie laige The\ contained 
hemosideiin The perihepatic and penpancreatic nodes 
W'ere most heavily buidened, w'hile the mediastinal 
nodes contained only small amounts Again there was 
little extiamedullary hemopoiesis 

In sections from the iibs, the sternum and the 
veitebrae stained with hematoxj'lm and eosm and with 
Giemsa’s stain the mairow cells w'ere mainly of the 
erythropoietic type Then numbei was increased at 
the expense of fat Then numbei was about equally 
divided betw'een stem cells and pronormoblasts, with 
few'ei normoblasts There w'as also a moderate number 
of matuie red cells Theie was depression of the white 
blood cell series Only an occasional matuie polj- 
morphonucleai cell was iisible Megakarvoevtes weie 



Fig 4 — Islet cells of the pancreas Pigment visible 
as dark granules in the cytoplasm of the cells Iron 
stain , X 772 


seen in decreased numbers The cortex and the peri- 
osteum W'ere not unusual 

The bone mariow as seen at autopsy show’cd, when 
compared with that in the smear from the sternum 
taken in October 1943, regression toward a more 
immature state The stem cells were extremelv pale, 
large, basophilic and poor m chromatin The pronormo- 
blasts W'ere smaller, with clearK differentiated nuclei 
and one or more nucleoli The more mature normo- 
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blasts were about the size of lymphocytes, with dense 
“clock face” nuclei and runs of basophilic cytoplasm 

The kidneys showed mild cortical scarring Pig- 
mentation was present but was confined almost exclu- 
sivelj' to the epithelium of the ascending loops of Henle 
and to the cells of the distal convoluted tubules 

The amount of fibrous tissue in the liver of this 
patient with anemia, vv'hile not as great as that in the 
liver of the average person with idiopathic hemo 
chromatosis, was extensive enough to warrant the diag- 
nosis of portal cirrhosis The amount of fibrous tissue 
and pigment that was demonstrated in the pancreas was 
even greater than that in the average patient with 
hemochromatosis, while the spleen showed less iron 
pigment 

Stains of the bone marrow for iron showed less 
hemosiderin than is seen in the average patient with 
hemochromatosis 

Anatomic diagnoses included pseudoaplastic anemia 
of unknown origin, extramedullarv hemopoiesis (mild) 
hemochromatosis, portal cirrhosis, hepatosplenomegalv 
coronary sclerosis, cardiac hypertrophj and dilata- 
tion, myocardial fibrosis, pulmonary emph 5 'sema and 
fibrosis, pyelitis cjstica, edema of the right lower 
extremity and nodular hvperplasia of the thyroid gland 

COMMENT 

The significance of the coexistence of hemo- 
chromatosis and aplastic anemia in the 6 patients 
who had had repeated tiansfusions is obscure 

The distinction between hemochromatosis and 
advanced hemosiderosis rests on rather insecure 
foundations Muii and Shaw' Dunn emphasized 
pigmentation of the heart muscle, the adrenal 
cortex, the thyroid gland, the ependyma of the 
ventricle and the smooth muscle of the intestines 
in hemochromatosis, stating that it does not occui 
as a result of hemolysis The same and other in- 
vestigators have noted the absence of cirrhosis 
of the liver in persons wnth marked hemosider- 
osis due to pernicious anemia, despite the fact 
that numerous transfusions were given Still 
others have pointed out the difiference of dis- 
tribution in the kidney, stating that in hemo- 
siderosis the proximal conv'^oluted tubules are 
affected, whereas in hemochromatosis the ascend- 
ing loops of Henle and the distal convoluted 
tubules are involved 

19 Muir, R , and Shaw Dunn, J Iron Content of 
Organs in Bronzed Diabetes, J Path & Bact 19 226, 
1914 

20 (a) Wintrobe, M M Clinical Hematology, 

Philadelphia, Lea &. Febiger, 1943 (b) Whitby and 

Britton 1 (c) Yates, J L, and Thalhimer, W Treat- 
ment of Pernicious Anemia (A Patient Who Received 
113 Transfusions), J A M A 87 2156 (Dec 25) 
1926 (d) Jones, H W Prolonged Blood Trans- 

fusions in Pernicious Anemia, ibid 86 1673 (May 29) 
1926 

21 Gaskell, J F , Mackenzie Wallis, R L , Sladden, 
A F , Vaile, P T , and Garrod, A E Contribution 
to the Study of Bronzed Diabetes, Quart J Med 7 
129 (Jan) 1914 


Rous and Oliver attempted to produce hemo- 
chromatosis by giving transfusions of 10 to 15 
cc of blood to rabbits daily for periods up to 
SIX and one-half months In addition to large 
amounts of hemosiderin in the hvei, they found 
deposits in the adrenal cortex, the submaxillary 
glands, the cartilages of the trachea, and the 
skin and large deposits in the kidneys The pan- 
creas was affected only in animals subjected to 
this pioceduie for a consideiable length of time 
and then only slightly Furthermore, the kidneys 
held heavy deposits in contiast to the sparse pig- 
mentation m hemochromatosis No pigment was 
found m the thyroid gland These workeis noted 
cirrhosis of the hvei in 2 of the 3 labbits but 
felt that It was an unrelated finding 

Hueck emphasized the sparse distiibution of 
hemosiderin in the spleen, the bone marrow and 
the kidnej's in hemochromatosis in contrast to 
the abundant pigmentation of these organs in 
hemosiderosis He expressed the opinion that 
the piesence oi the absence of hemofuscin is an 
important point for purposes of differentiation 
How'evei, there aie two theoretic objections to 
this concept 

1 Much of the “ii on-free” pigment in hemo- 
chromatosis is found to contain iron when sub- 
jected to careful technic, and therefore the 
amount of hemofuscin varies 

2 In the present state of knowdedge of the 
composition of hemofuscin, we see no reason 
wdiy it should not exist in hemosiderosis 

. There are many writers, principally of the 
French school -■* wdio do not make any distinc- 
tion betw^een hemochromatosis and hemosidero- 
sis An excellent discussion of the subject is 
presented by Sheldon,^" who concluded that 
there are differences in distribution in the spleen, 
the bone marrow and the kidneys but maintained 
that a certain similarity exists, since the body 
tends to distribute hemosiderin by a common 
mechanism, whatev'^er the source of the non 

Whipple and Bradford,-® in repoiting 8 cases 
of Cooley’s anemia, noted the distribution and 

22 Rous, P, and Oliver, J Experimental Hemo- 
chromatosis, J Exper Med 28 629 (Nov ) 1918 

23 Hueck, W Haemochromatose, in Krehl, L , and 
Marchand, F Handbuch der allgemeinen Pathologic, 
Leipzig, S Hirzel, 1921, vol 3, pt 2, p 371 

24 Roque, G, Chalier, J, and Nove-Josserand, L 
Etude critique sur la conception des cirrhoses pig- 
mentaires Origine hemolytique de leur siderose. Rev 
de med , Pans 33 353 (May) 1913 

25 Whipple, G H , and Bradford, W L Racial 
or Familial Anemia of Children Associated with Funda- 
mental Disturbances of Bone and Pigment Metabolism 
(Coolev-von Jaksch), Am J Dis Child 44 336 
(Aug) 1932, Mediterranean Disease-Thalassemia 
(Erythroblastic Anemia of Coolev), J Pediat 7 
279 (Sept) 1936 
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types of pigment and concluded that they were 
similar to those of hemochromatosis However, 
these writers did not find an accompanying cir- 
rhosis of the livei 

From expel imental and pathologic evidence, 
the anatomic basis for a diagnosis of hemochro- 
matosis as opposed to hemosiderosis lests on 
the following ciiteiia 

1 The presence m hemochromatosis of portal 
cirrhosis in addition to laige amounts of hemo- 
siderin 111 the liver 


should be a high incidence of hemochromatosis 
111 the hemolytic and pernicious anemias That 
this IS not true is sho^^n by numerous reports in 
the literature on these diseases Secondly, one 
should be able to leproduce hemochromatosis 
experimentally by repeated transfusions,^” by 
hemolytic agents and by injections of hemo- 
globin and of dialyzed iron Such attempts 
have been unsuccessful Finally, that the avail- 
ability of iron stored in the hvei for synthesis of 
hemoglobin differs in hemochiomatosis and in 


Principal Fcatines of Repotted Cases of Aplastic Anemia Associated with Hemocm omatosis 


Age Age A 

at EHira at Amount of 

Onset, tion. Death, Blood Counts on Transfused Bone 


Author 

Sex 

Yr 

yr 

Bark, E M 

30 

10 

40 


o' 




Mackev, E 

46 

3’^ 

491^ 


(j 




Bomford, E E 

51 

214 

5314 

and 

d 



Bhoads, C P 





C8 

2 

70 

d 




12 

9 

21 

d 




Authors’ case 

G4 

1 

63 


d 




Admission 

Blood 

Diabetes 

EBC 2,500,000 

290 trans 

Hjperglj cemia 

Hb 50% 

fusions in 

no gljcosuria 

Cl 1 

WBC 3,500 

9 years 


EBC 1,050,000 

Hb 22% 

Cl 1 OS 

WBC 4,100 

39 8 liters 

>.ot mentioned 

EBC 1,400,000 

16 trans 

Not present 

Hb 30% 

Cl 1 07 

MCV 90 cu ft, 
Retie 14% 

WBC 1,150 
Platelets 08,000 

fusions 


EBO 1,300,000 

12 trans 

Not present 

Hb 35% 

Cl 13 

JlCiy 104 eu 

Retie 1 4% 

AVBC 4,350 

fusions 


EBC 1,300,000 

54 trans 

Ghcosuiia 

Hb 26% 

Cl 1 

MCV 86 cu /I 
Retie 0 4% 

fusions 


WBC 3,850 
Platelets 60,000 

t- 


EBC 1,500,000 

12 8 liters. 

Hipcrghcemia 

Hb 35% 

17 trans 

no gUcosuna 

Cl 12 

MCV 100 cu /i 
Eetic 3 1% 

WBC 4,900 
Platelets 216,000 

fusions 



Marron 

Summary of Autopsy 

No aplasia, 
cellular 

No autopsy, pigmentation 
of skin (biopsy) conjunc 
tivas and teeth, enlarge 
ment of liver 

Selective 
aplasia of 
erythro 
poiesis 

Pigmentation of lymph 
nodes, pancreas and heart 
muscle, fibrosis and pig 
mentation of liver 

Cellular 

Pigmentation of skin and 
Ijmph nodes fibrosis and 
pigmentation of liver and 
pancreas 

Cellular 

Pigmentation of skin, 
hrnph nodes, adrenal glands 
and choroid plexus, fibrosis 
and pigmentation of liver 
and pancreas 

Cellular 

Pigmentation of skin, 
hmph nodes, adrenal glands 
and cardiac muscle fibrosis 
and pigmentation of liver 
ind pancreas 

Cellular 

Pigmentation of skin, 

Ijmph nodes, adrenal glands, 
kidneys, heart muscle, lungs 
and thjroid and prostate 
glands, fibrosis and pigmen 
tation of liver and pancreas 


2 Inci eased fibious tissue in the pancreas 
with deposits of pigment m the islet cells as well 
as m acinar cells and the epithelium of the ducts 

3 The relatively small amount of pigment in 
the kidneys, the spleen and the bone marrow 

The case repoited here fulfilled all these re- 
quiiements and, in addition, presented, clinically, 
an elevated cuive of tolerance foi dextrose, sig- 
nifying pancreatic damage 

We believe that intense hemosideiosis is an 
entity If hemochromatosis and hemosiderosis 
were different degrees of the same process, there 


hemosiderosis is seen from the experiments of 
Muir and Shaw Dunn and of Whipple and his 

26 Whitby and Britton ^ Wintrobe 

27 Muir, R , and Shaw Dunn, J Retention of Iron 
in Organs in Haemoh tic Anaemia, J Path & Bact 
19 417, 1914 

28 Muir, R , and Young, J S Relation of the 
Liver to the Disposal of Haemoglobin, J Path & Bact 
35 113 (Jan) 1932 

29 Poison, C J The Fate of Colloidal Iron Admin- 
istered Intravenously Long Experiments, J Path &. 
Bact 32 247 (April) 1929 

30 Muir, R , - and Shaw Dunn J Absorption of 
Iron from the Organs After Haemoh sis, ibid 20 41, 
1915 
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co-workers It is theiefore unlikely that trans- 
fusions in a patient A\ith pseudoaplastic anemia 
could be responsible for beinochromatosis 

In the accompaii} ing table the essential fea- 
tures of the reported cases of aplastic anemia 
associated \Mth hemochromatosis are given 
With the exception of the patient m the third 
case, who lived above a garage and complained 
of the odor of fumes, no patient gave a history 
of exposure to potentiall} toxic substances Both 
Kark ® and Mackey ® attributed the de\ elopment 
of hemochromatosis in then patients to the in- 
ability of the bod} to utilize or exciete the non 
introduced in the foim of hemoglobin The latter 
writer felt that the amount of iron lecoveied 
from the patient’s h\ ei was directly related to the 
amount of hemoglobin administeied in tiansfu- 
sions Bomfoid and Rhoads^ did not commit 
themselves legaiding the lelationship of hemo- 
chromatosis to transfusions and stated that 2 of 
their patients had not lecened an exceptional 
number of transfusions 

In our case the luei contained the excessne 
amount of 29 Gm ot iron Duiing the entire ill- 
ness oui patient received 12 8 liters of blood in 
seventeen transfusions Only about 6 5 Gm of 
iron was introduced into the body b} this means 
This leaves an excess of 22 5 Gm of iron 

Studies of the excretion of uiobilmogen by pa- 
tients with pseudoaplastic anemia indicate in- 
creased hemol}sis in man} instances ® This fac- 
tor may account for some of the iron present in 
the organs of oui patient 

Although no studies of the metabolism of 
porphyrin were done in oui case, there is evi- 
dence that the pigment metabolism in aplastic 
anemia differs from that in any other type of 
anemia The increased excretion of type III 
copropoiphyrin which occurs in some instances 
of aplastic anemia is also found in lead poison- 
ing and after the administration of arsphen- 

31 Whipple, G H , and Robscheit-Robbins, F S 
Hemoglobin Production Factors in the Human Livei, 
J Exper Med 57 671 (A.pnl) 1933, Hemoglobin 
Production Factors in the Human Liier, ibid 76 283 
(Sept ) 1942 Balfour, W M , Hahn, P F , Bale, 
W F , Pommerenke, W T , and Whipple, G H 
Radioactive Iron Absorption in Clinical Conditions 
Normal, Pregnancy, Anemia, and Hemochromatosis, 
ibid 76 15 (July) 1942 

32 Dobriner, K , Rhoads, C P , and Hummel, L E 
Excretion of Poiphjrin in Refractory and Aplastic 
Anemia, J Clin Investigation 17 125 (March) 1938 

33 Watson, C J Concerning the Naturalh 
Occurring Porplurins Urinary Porphjnn in Lead 
Poisoning as Contrasted v ith That Excreted Normalh 
and in Other Diseases J Qin Im estigation 15 327 
(Ma\) 1936 


amine and sulfanilamide On this basis, Do- 
briner, Rhoads and Hummel suggested that 
aplastic anemia may result from intoxication It 
IS interesting to note that Kark’s patient,® repoitecl 
as having the first case of aplastic anemia and 
hemochromatosis, had, m addition to pigmenta- 
tion of the skin and of the conjunctnas, dis- 
coloration of the teeth one of the classic 
symptoms of congenital porph}ria So fai as 
we know, discoloiation of the teeth associated 
with hemochromatosis has never been described 
Disturbances of the metabolism of porphyrin 
occui frequentl} m diseases of the liver and 
have been noted m patients with hemochioma- 
tosis This fact raises the question whethei 
the porphyrinuria occunmg m various intoxica- 
tions m aplastic anemia, in hemochromatosis 
and m diseases of the hvei is not due entire!} 
to hepatic dysfunction 

In OUI case sulfobromophthalein excietion and 
cephalm flocculation tests gave negative results 
Only the abnormal response to parenterally ad- 
ministered synthetic a itamin K suggested damage 
to the hvei ®® Barker,®® using various tests of 
hepatic function, found evidence of damage to 
the livei in moie than half of his patients with 
all types of anemia 

That hemochiomatosis is due to an inborn ei- 
lor of mtiacellulai iron metabolism is generall} 
lecognized ■*'’ How'evei, some imestigatois 
ha^e emphasized the importance of the ciri hosts 

34 Hoerburger, W , and Fink, H Ueber Porphynne 
bei klinischei Porph}ne, Ztschr f physiol Chem 286 
136, 1935 

35 Rimington, C, and Hemmings, A W Porphj- 
iinuna Following Sulphanilamide Sulphanilamide 
Dermatitis, Lancet 1 770 (April 2) 1938 

36 (o) Nesbitt, S Excretion of Coproporphvrin 

in Hepatic Disease IV Isolation and Identification 
ot Urinarv Coproporph 3 Tin Isomers, Arch Int Med 
71 483 (April) 1943 {h) Dobriner, K Urinarv 

Porphjrms in Disease, J Biol Chem 113 1 (Feb) 
1936 

37 Dobriner Dobriner, K Porphjrin Excretion 
in the Feces in Normal and Pathological Conditions, 

J Biol Chem 120 115 (Aug) 1937 Vannotti, A 
Porplwrine und Porphj nnkrankheiten, Berlin Julius 
Springer, 1937, p 145 Lageder, K Khnische 
Porjfhvnnuntersuchungen mit elner quantitativen spek- 
troskopischen Methode, Arch f Verdauungskr 56 
237 (Nov ) 1934 Eppinger, H Die Leberkrank- 
heiten, Berlin, Julius Springer, 1937, p 426 

38 Data concerning the test referred to will be 
presented in another communication, bv Dr Shepard 
Shapiro 

39 Barker, W H Excretion of Bile Pigment and 
Hepatic Function in Diseases of the Blood, Arch Int 
Med 62 222 (Aug) 1938 

40 Drj, T J Hemochromatosis Its Relation to 
the Metabolism of Iron and Copper, Minnesota Med 
17 301 (June) 1934 Sheldon 1= Butt and Wilder i-* 

41 Potter, N B, and Milne L S Bronzed 
Diabetes, Am J M Sc 143 46 (Jan) 1912 Gaskell 
and others 
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of the liver In contiast to idiopathic hemochio- 
inatosis, there is evidence that inci eased heniol- 
\ SIS IS a factor in the evolution of hemochi oma- 
tosis associated with pseudoplastic anemia 
Additional factois, ho\\e\er, must be opeiative to 
pioduce the lesions ot hemochi omatosis as dis- 
tinct fiom those of hemosideiosis 
The cause of aplastic anemia is obscure, but 
‘ its relationship to exogenous and endogenous 
toxins ^ IS assumed Such toxic elements, possi- 
bh in connection with deficiency factors, may 
lead to permanent damage to the Iner Thus, 
patients with pseudoaplastic anemia with pro- 
longed course come to ha\e retention of iron 
pigmentation, and cirrhosis of the liver and, as the 
pancreas becomes imohed, diabetes de\elops 

SUMMARY AND CONCLUSIONS 

Although both aplastic anemia and hemo- 
chromatosis are compai atively laie diseases, 
their occurrence together has been recorded in 
5 instances, an incidence which, we believe, is 
altogether too high to be regarded as accidental 
In 4 of the 5 cases leferied to the changes in the 
bone marrow were described as pseudoaplastic 
The case which we have repoited here is that of 
a patient with pseudoaplastic anemia whose bod} 
at autopsy revealed the lesions that ai e character- 
istic of hemochromatosis Similaiities occur be- 


tween hemosiderosis, wdiich is fiequentl}- found 
in certain anemias, and hemochromatosis, in 
which anemia, if piesent, is merel} a complicat- 
ing factor Hemosiderosis and hemochromatosis 
are, we believe, separate disease entities 

In an attempt to correlate the changes m 
pseudoaplastic anemia with those in hemochi oma- 
tosis we have considered the question of the 
origin of the iron in both conditions together with 
the available evidence of hepatic dysfunction 

The iron derived from the destruction of intim- 
sic and of tiansfused blood is not used in the foi- 
mation of hemoglobin but is mechanically 
deposited in various organs If the aplastic ane- 
mia IS of sufficient duration, laige quantities of 
non accumulate We believe that view to be 
sound wdiich holds that aplastic anemia is due to 
toxins These toxins, togethei with othei fac- 
tois, possibl} nutritional, may lead to perma- 
nent hepatic damage m the form of ciiihosis 
The increased amount of iron m the piesence of 
cirrhosis of the livei produces a picture indis- 
tinguishable from that of hemochromatosis 
In contrast to idiopathic hemochromatosis, in- 
creased hemolysis is active in the production of 
hemochromatosis when it is associated with pseu- 
doaplastic anemia 

New lork University College of Medicine 
Gtildvvater Memorial Hospital, Welfare Island 
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Pernicious anemia has geneially been con- 
sidered a disease of Caucasians In a lecent 
review we pointed out that its occurrence in 
Negroes is by no means uncommon and that the 
recognition of this fact should make foi more 
frequent diagnosis Textbooks in general, and 
hematologic texts m paiticular, stress the gieat 
infrequency of pernicious anemia m Chinese 
This impression is borne out by a study of the 
literature Notwithstanding this fact, we have 
had occasion to recognize and study 3 cases of 
typical pernicious anemia in native-born Chinese 
who had lived for many yeais in the Chinese 
community of Chicago 

REVIEW OF THE LITERATURE 

The cases i eviewed by Sti uther - were incom- 
pletely woiked up and did not fulfil the diagnostic 
criteria of pernicious anemia In i espouse to his 
questionnaiie, Berglund viote that no Chinese 
patient with this disease had been seen at the 
Peking Hospital Fu and Stuiton^ lepoited a 
case in Hangchow, but the lecoids conceining 
the gastric juice and the neivous system weie 
incomplete Morris * found 6 cases in the hos- 
pital recoids of Cential and North China, but 
these were not documented, and in his own 
experience there were no proved cases Wil- 
liams’® leport of a case ^vas also incomplete, 
and his patient impioved aftei foui weeks in the 
hospital without hvei therapy The patient’s 
further course was not followed 

De Langen and Lichtenstein ® stated that they 
had never seen pernicious anemia among the 

Aided by a grant from the Wilson Laboratories 

From the Hematology Laboratory and the Hektoen 
Institute for Medical Research of the Cook County 
Hospital 

1 Schwartz, S O , and Gore, M Pernicious Anemia 
in Negroes, Arch Int Med 72 782 (Dec ) 1943 

2 Struther, G Discussions of Anemias in China, 
Chinese M J 43 818, 1929 

3 Fu, W T , and Sturton, S D A Severe Case 
of Pernicious Anemia, Chinese M J 40 1016, 1926 

4 Morris, fl H Anemia m China, Chinese M J 
43 768, 1929 

5 W illiams, T H Pernicious Anemia in Szechwan, 
Chinese M J 46 673, 1932 

6 De Langen, C D , and Lichtenstein, A Text- 
book of Tropical !Medicine, Batavua Java, G Kolff & 
Co , 1936, p 487 


pool Chinese in Batavia but that an occasional 
case has been observed among the wealthier pa- 
tients 

According to Snappei macrocytic nutritional 
anemia occurs frequently in the Orient, but true 
pernicious anemia is rare The 6 cases reported 
b}' him fi om the Peiping Union Medical College 
Hospital had features which were atypical for 
pernicious anemia The patients lesponded to 
small doses of liver and lemained free from 
lecurrences foi years without liver therapy or 
with only small doses of liver They show^ed 
rapid improvement of extensive neurologic 
changes with liver theiapy oi sometimes with 
adequate diet alone Theie w'as a leturn of free 
hydrochloiic acid wath the disappearance of the 
anemia, and the expected anisocytosis and 
poikilocytosis w ere absent from the blood Snap- 
per expressed the opinion that “it seems haidly 
feasible to conclude that this gioup of patients 
leally suffeied from genuine pernicious anemia, 
although one may still readily agree that their 
anemia w as closely related to pernicious anemia ” 

Yang and Keefei ® have lepoited the only 2 
cases of pernicious anemia in Chinese obsened 
previously on this continent They were cases 
of Minot’s and apparently weie t}pical 

REPORl OF CASES 

Case 1 — H T Y , a 55 3 ear old man, a nativ e 
Chinese, was admitted to the hospital Jan 29, 1935, 
because of vmmiting of one week’s duration, loss of 
weight, anorexia and weakness of six months’ duration 
and tingling of the fingers and toes and soreness of the 
tongue of one year’s duration Physical examination 
revealed nothing abnormal except extreme pallor and 
atrophy of the papillae of the tongue Examinations of 
the sputum, stools, urine and spinal fluid were non- 
contributory Roentgen ray examination of the gastro- 
intestinal tract revealed nothing abnormal No free acid 
and 10 degrees of total acid w’ere found m tests of the 
contents of the stomach after an Ewald meal Hemato- 
logic values were typical of pernicious anemia in relapse 
(chart 1) Response to liver therapy w'as satisfactory, 
and he was discharged from the hospital on March 16 
He received Iwer therapy as an outpatient until June 20, 
w'hen he disappeared from observation until Nov 14, 
1936 At that time he again presented himself in a state 
of relapse Response to therapy w'as satisfactory, and 

7 Snapper, I Chinese Lessons to Western Medi- 
cine, New^ York, Interscience Publishers, Inc , 1941, 
p 264 

8 Yang, C S , and Keefer, C S Pernicious Anemia 
in Chinese Patients, Nat M J China 17 218, 1931 
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he continued well until Januaiy 1940 with somewhat 
intermittent treatment He was last seen on Sept 3, 
1941 He was in good health and had had no liver 
except small amounts eaten occasionally The achylia 
was still in evidence on the second admission 

Case 2 — W L Y , a 60 year old man, a native 
Chinese, was admitted to the hospital June 6, 1940, 
complaining of soreness of the tongue, difficulty in 
swallowing, loss of weight, numbness of the fingers and 


of wniting The achlorhydria — even after injections of 
histamine — w'as still present on July 28, 1944 
Case 3 — L B , a 73 year old man, a native Chinese, 
was fiist admitted to the hospital on March 1, 1943 
Because of his inability to speak English and his ex- 
tieme illness, no history was elicitable The extreme 
pallor, vitiligo of the skin and jaundice of the scleras 
w'eie the most piomment observations made in the 
examination There w'as noted, in addition, a greatly 



Chart 1 (case 1) — Characteristic reticulocyte response and rise in red cells and hemoglobin following adminis- 
tration of liver, with relapse after the discontinuance of therapy and a second response almost identical with the 
fiist 



Chart 2 (case 2) — Typical led cell, hemoglobin and 
leticulocyte response following liver therapj 



Chart 3 (case 3) — Response resembling that m case 
1 It IS to be noted that therapy w'as discontinued before 
complete remission occurred after the first course of 
treatment, and vet more than a year elapsed before the 
second relapse 


vertigo On examination he w^as found to have a smooth, distended bladder w’hich extended to within a few centi- 

red tongue, jaundice of the scleras and hyperactive meters of the umbilicus Laboratory findings of interest 

knee jerks Laboratory findings of interest w'ere a w'ere the decidedly elevated icteric index (37), the 

histamme-fast achlorhydria and an icterus index of 15 histamme-fast achlorhydria and the hj^perccllular mar- 

Hematologic values were tj'pical of pernicious anemia row^ with tjpical megaloblastic maturation of the cells 

in relapse (chart 2) Response to liver therapy was Hematologic %alues were typical of pernicious anemia 

satisfactory, and the patient has been maintained in good m relapse (chart 3) and improied rapidly with Incr 

health with average amounts of liver extract to the time therapy alone On Alarch 30 he left the hospital, but, 
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failing to return for injections of liver extract, he re- 
entered in relapse on April 20, 1944 The findings at 
tins time were essentially as previously noted, except 
that the icteric index now was only 21 He again re- 
sponded uneventfully and was discharged on May 4 
Since then he has been cared for in the outpatient clinic 
and has been well maintained The jaundice has dis- 
appeared Symptoms referable to the bladder are absent 
The achlorhydria has persisted (rechecked with hista- 
mine July 28, 1944) 

COMMENT 

Using for ciiteiia of pernicious anemia the 
macrocytic anemia (with the accompanying am- 
socytosis and poikilocytosis), the permanent 
achlorhydria, megaloblastic cell maturation, 
signs of increased pigmentar}’’ metabolism, neuro- 
logic changes and remission after the exhibition 
of liver therap)'- and i elapse following its with- 
drawal, ° one notes that all 3 cases are typical in- 
stances of Addison’s (pernicious) anemia of the 
type seen in the Caucasian These ciiteria are 
outlined in the table 

Chaiactcnstic Clinical and Laboratoiy Observations in 
the Three Repoited Cases 


Case 1 Case 2 Case 3 

Macroej tic anemia + -r -r 

Permanent aclilorh\dria + + + 

(Only once 
evamined) 

Megaloblastic cell maturation I«o studies No studies 

of the of the 

marrow marroa 

Evidences of increased pitment No pig + , -t- 

ary metabolism mentary 

studies 

Neurologic changes -r + -r 

Hemission after liver therapi -r + + 

Relapse after discontinuance of — Has not J- 

liver therapy discontinued 

therap> 


The fact that Ave could encounter, in a rela- 
tively short period of time and in an institution 

9 SchAvartz, S O , and Legere, H Relapses in Per- 
nicious Anemia, J A if A 124 637 (March 4) 1944 


m Avdiich oiientals aie relatively raie, 3 Chinese 
AAith this disease AA^hich is said to occur Avith 
extreme rarity in members of this race in then 
native environs raises some interesting questions 
Is pernicious anemia leally rare in the Chinese of 
China, 01 is it their relatively infrequent contact 
Avith Avestern physicians Avhich merely makes it 
appear so? Has the teaching that pernicious 
anemia is raie in the Chinese influenced some 
clinicians to prefer to inteipret the macroc3mc 
anemia as one secondar}'^ to malnutrition rather 
than to accept it as true peinicious anemia^ We 
are m no position to ansAA ei these questions Or 
does pernicious anemia appear only when the 
natiA'e is transplanted to a neAV (and apparently 
unfavorable) environment? If this is the case, 
then one may ask Avhether it is the physical en- 
vironment or the changed dietary habits that 
induce the anemia 

There is certainly no evidence that physical 
enAuronment plays a signal lole Dietary habits 
could be a factor, but such a conclusion would 
seem to be a paradox in view of the generally 
accepted belief that the Ameiican diet is nutii- 
tionally superior Tavo other possibilities suggest 
themselves The first is that environmental, 
infective, nutritional and perhaps physical cii- 
cumstances leading to gastritis may in time 
sufficiently interfere Avith production of the in- 
trinsic factor to give rise to pernicious anemia 
The second possibility is that the increased fat 
in the American diet may be a cause 

With the increasing interest in China and the 
probability of more opportunity to study the 
Chinese, it will be of considerable interest to see 
whether more cases of pernicious anemia in 
Chinese aaiII come to light 

10 Johnson, V , Freeman, L W , and Longini, J 
Erythrocyte Damage by Lipemic Serum in Normal Man 
and in Pernicious Anemia, J A A 124 1250 (April 
29) 19-^4 
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Patients entenng a hospital with a Aaiiety of 
complaints aie often found to ha\e low le\els 
of ascorbic acid in the plasma if detei minations 
of this factor aie made In some cases in wdiich 
diagnosis oi treatment may l^e facilitated by the 
restoration of vitamin C m the tissues, rapid 
satuiation is desired To accomplish this effi- 
ciently, it IS necessaiy to detei mine the maximum 
dose that will not cause inci eased urinary excie- 
tion of ascorbic acid Obviously the total dose 
leqmred foi satuiation depends on the state of 
deficiency of the bod} tissues, and one can judge 
that amount only by some indnect index of the 
status of the tissues It has been argued that 
the plasma level of ascoibic acid is a poor index 
and attempts have been made to find more re- 
liable critei la f oi the state of vitamin C nutrition 
Studies of excietion. although extensive, have 
not established a definite noimal standard Ex- 
peiimeiits concerning satuiation have fuinished 
valuable data but still have not proved wdiethei 
good vitamin C nutiition entails a saturation 
level 01 something less The level of ascorbic 
acid in the wffiole blood has been suggested ^ 
as being moie tiuly i epresentative of the gen- 
eial body status of Mtamin C nutiition than the 
level m the plasma, since the cell content of this 
vitamin does not fluctuate as rapidly as does 
the plasma content Fuither leasoning along 
this line has led some iiia estigatoi s to prefer 
the use of the white cell and platelet layer ot 
the blood as an index of vitamin deficiency in 
the tissues It was noted that the white blood 
cells letained appieciable amounts ot vitamin C 
aftei the plasma content was reduced to vel^ 
low' levels, and theiefoie it was aigued that 
plasma values did not i effect tissue need How- 
evei, it must be lemembeied that -Mtainin C is 

From the Department of ^Medicine of the Univer- 
sity of Wisconsin 

1 (a) Hememann, M The Distribution of As- 
corbic Acid Between Cells and Serum in Relation to 
Its Urinaiy E'.cretion, J Chn Investigation 17 751 
(Nov) 1938 (b) Butlei, A M, and Cushman, M 

Distribution of Ascorbic Acid in the Blood and Its 
Significance, ibid 19 459 (Alay) 1940 


not e\enly distiibuted thioughoilt the body 
tissues In the ovaries and m the adrenal and 
the pituitary glands, for example the concentra- 
tion is much higher than m some of the othei 
glands or m muscle Until the mechanism of 
function IS knowm, the separate needs of the dif- 
feient tissues foi this vitamin cannot be evaluated 
The plasma obviously is the vehicle of transpoit 
and might not reflect deficiency m the tissues 
if extensive storage of vitamin C occurs Theie 
is little evidence that much is stored, m which 
case persistently low plasma levels of vitamin C 
must mean depiivation somewhere along the 
loute In any event, when a vitamin C defi- 
ciency is suggested clinically and the dietaiy 
histoi y is pool , a low plasma value is coi i oboi a- 
tive evidence Oui obseivations in connection 
with this and other studies have led to the belief 
that pel sons, sick or w'ell. who legularly include 
adequate amounts of vitamin C-containmg food 
111 the diet and who have no evidence of oral 
disease seldom have fasting plasma values lowei 
than 0 8 mg pei hundred cubic centimetei s The 
amount of administeied ascorbic acid letamed 
b} the bod} may indicate the state of depletion 
in tlie tissues, but in excretion tests collection 
of specimens is moie time consuming and not 
always convenient, besides wduch the assay itself 
(as m the case of determinations of whole blood 
01 of white cell content) is not as simple as 
determination of plasma content of vitamin C 
Theiefore in addition to obseivations on the 
efficienc} of large doses of ascorbic acid m treat- 
ment of vitamin C deficienc} w'e have presented 
some data on plasma leiels at the \aiious stages 
of depletion up to saturation with coriespond- 
ing excretions of the vaiious doses of ascorbic 
acid m an attempt to furthei the knowdedge that 
w'ould justif} the clinical u':e of this convenient 
test 

MATERI\LS AND METHODS 

The data here reported for 26 hospital patients, un- 
selected as to disease except for clinical and laborator 3 
indications of Mtamin C deficienc%, include detcrmina- 
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tions of levels m plasma, whole blood and urine, betore 
and after large oral doses of ascorbic acid or intra- 
venous injections of sodium ascorbate 
The method used for determinations of vitamin C m 
whole blood and urine was that of Roe and Kuether 2 , 
for determinations in plasma, the Mindlin-Butler macro- 
method 2 Determinations of levels m whole blood and 
in plasma were made within a three hour period after the 
blood samples were obtained Determinations of urinary 
levels were made on fresh material for most of the 
fractional specimens, and twenty-four hour specimens 
were examined as soon as the collection period was 
ended All UEine was kept in brown bottles placed in 
a container with ice, and when the collection period 
was prolonged, glacial acetic acid was added as a pre- 
servative Duplicate readings on fresh and on pre- 
served aliquots of the same specimen showed no loss 
of ascorbic acid by this method of preservation over 
a twenty-four hour period 

The clinical selection of patients for this study was 
based on dietary history suggesting gross deficiency 
of raw fruit and vegetable foods or on vnsible evidence of 
edema, redness, retraction or inflammation of the gums 
or of frank pyorrhea alveolaris 


Table 1 — Efficiency of Large Doses of Ascorbic Acid 


Number of 
Doses 


Evcretion of Ascoibic Aeid 


, 

, 


Mg /Hour 

Average, 

Intra ’ 


Dose, 

» — 


Mg /24 

venous 

Oral 

Mg 

Av erage 

Range 

Hours 

6 

9 

100 

083 

02 05 

79 

6 

5 

200 

0 83 

0 04 2 3 

13 6 


10 

300 

0 84 

0 04 0 7 

S3 


19 

400 

0 35 

00612 

83 

4 

10 

500 

083 

02 3 0 

19 9 


0 

1 Gm 

0 50 

03 00 

12 0 

Basic excretion of 11 subjects 

0 24 

0 08 0 44 

57 


RESULTS AND COMMENT 

In table 1 a condensation of part of the data 
shows that single doses as high as 1 Gm of 
ascorbic acid were given without significant 
urinary loss A variation in the number of hours 
of collection of urine with different doses is the 
lesult of an attempt at detail by fractionating all 
specimens of urine when the daily dose was 
divided, so that each specimen included the 
immediate excretion after one dose of ascoibic 
acid Therefore, as shown in table 1, the 
average excretion for a twenty-four hour period 
was in many instances obtained from figures on 
twenty-four hour excretion calculated on the 

2 Roe, J H , and Kuether, C A The Determina- 
tions of Ascorbic Acid in Whole Blood and Urine 
Through the 2,4-Dinitrophenylhydrazine Derivative of 
Dehj droascorbic Acid, J Biol Chem 147 399 (Feb) 
1943 

3 Mindlin, R L , and Butler, A M The Deter- 
mination of Ascorbic Acid in Plasma A Macromethod 
and a Micromethod, J Biol Chem 122 673 (Feb ) 1938 


basis of actual excietion each hour for fi actional 
periods varying from three to fifteen hours In 
11 subjects the twenty -four hour excretion of 
ascorbic acid prior to supplementation with doses 
of the vitamin langed from 2 to 11 mg Because 
plasma levels foi the group wei e within the same 
range, w^e did not delay treatment m eveiy case 
to deteimine pretreatment excretion The plasma 
level (and occasionally the whole blood level) 
was determined in all but 1 instance These 
basic levels were betw^een 0 and 0 39 mg per 
hundred cubic centimeters, except foi subject 1 
in table 2 

Averages foi 200 and 500 mg doses aie out 
of line because of the inclusion of figures on 
intravenous doses This method of administra- 
tion tended to produce highei exdretions, as 
already indicated by van Eekelen and Heine- ' 
mann * Inspection of table 2 shows that in everv 
instance intiavenous therapy'^ resulted in a larger 
excretion than did an oral dose of the same 
amount in the same 01 m difteient patients, 
when plasma levels were similai , as, for example 
in subjects 22 and 23 How^ever, the magnitude 
of this difference m excretion betw'een oral and 
intravenous administration is not such as to con- 
stitute a large fractional loss of the dose admin- 
isteied while the patient is still seriously defi- 
cient in vitamin C 

Daily doses of ascoibic acid and the results 
of administration of vaiious amounts are pre- 
sented in table 2 The table gives a moie accu- 
rate picture of the correlation between plasma 
and excretion and of the efficiency of rapid 
saturation All plasma readings were made on 
fasting blood samples, that is, from blood drawn 
in the morning befoie breakfast, at least twelve 
hours after ingestion of food or ascoibic acid 
During the period in which ascoibic acid was 
administered, the pairing of values for excretion 
and for plasma was based on the blood sample 
which was obtained at the end of the twenW-four 
hour period of collection of urine Complete data 
on all patients could not be obtained for several 
reasons Howevei, on a numbei of subjects we 
were able to obtain fairly complete figuies con- 
cerning daily plasma level and uiinary’’ excre- 
tion, hence it was possible to place the day on 
which excietion over 40 mg first occurred and 
the first day’^ of excretion of 50 per cent of the 
ingested dose The use of 40 mg every twenty- 
four hours as a measuie of normal excretion is 
arbitrary In our present senes, from examina- 
tion of the data on fractionated specimens, we 

4 van Eekelen, M, and Hememann, M Critical 
Remarks on the Determination of Urinarj Ascorbic 
Acid, J Clm Investigation 17 293 (May) 1938 
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noted that to leacli an excietioii IcacI above 40 mg fiom 13 to 35 mg eveiy twenty-foiu hours'^ 
mg e\ei} twenty-foiu houis usually 75 pei cent Until lecently the methods foi assaying uiinary 
01 inoie of the total satin ation dose was needed content of vitamin C measuied the reduced 
Published data on noimal excretion oi usual ascoibic acid only, while oui values foi excieted 
excietion \Mth a noimal diet give figuies lang- vitamin C lepiesent the total ascoibic acid in 

T MILL 2 — of Daily Doses of Ascoibic 'letd in 1 zveniy-Seven Patients 


IJisic I dels 
* 

feuiipleini'iUod Le\cls 

A ■■ ^ 

/ — — , , 

I \cre 

L\cre 

Plnsnin, lion Diiih 

Plasma, lion 

Mk per Cljlours, lio'-e, 

Idminis Mj; per 24 Hours, 
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100 Oc 

VK 
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Diagnosis 

1 
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1 
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Oral 
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0 

1 

31 
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Oral 

0 32 
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> 

0 
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Oral 

001 

1 

M 
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Parkinson’s disease, arteriosclerosis. 



21KI 0 (la^s 

Oral 

1 f>3 

70 
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■> 

0 

o 
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I V' 

0 

3 

M 

03 

Carcinomatosis, arteriosclerotic kid 
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0 
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4 
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11 
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Oral 

0 47 

13 

V 
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Oral 

0 02 
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vitamin deficiencies 
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7 

.00 

Oral 


0 
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r. 
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0 

0 10 
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Oral 
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7 

M 
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Hjpcrtcnsi\e heart disease with 
redueed renal function 


0 

2 

(.00 
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0 
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0 
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11 

(00 
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11 

M 
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Ujpertensue caidiorenal disease 
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OS 







(4K) 

Oral 
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Q 

0 24 


000 
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11 

V 

51 

Gastric carcinoma 

n 

0 2*. 
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39 

V 

(.2 

Gastric caicmonia 

10 
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m 
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11 

V 

72 

Gastric ulcer 

11 
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() 
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10 

]' 
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Scuny with artliiitis 
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12 

013 

1 
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Oral 
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M 
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Spastic bowel, migrune, pyonhea 
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0 39 
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V 
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Hypertrophic arthritis, arteriosloiosis 

14 

0 30 
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51 
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V 
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0 
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51 
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5G 
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kidnoj function 

21 

0 
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I V 

0 
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51 

40 

Hodgkin’s sarcoma, suggested renal 
damage 

^2 

0 27 


1 ". Gm 

I V 
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51 
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Xonmalignant cyst of tongue 

23 

0 21 


1 5 Gm 

Oral 

1 49 

82 

51 

45 

Recurrent duodenal ulcer 

24 

0 10 


1 5 Gm 

Oral 

1 o5 

118 

51 

57 

Arteriosclerotic heart failure, duodenal 
ulcer, py orrhea 

19 

0 


1 5 Gm 

I V 

0 

35 




25 


7 


Data incomplete 


51 

4*. 

Anviety state with vomiting 

20 

0 

4 


Data incomplete 


51 

54 

Duodenal ulcer, extrarenal uremia due 










to alkali therapy 

27 

Oil 



Data incomplete 


51 

02 

Clironie lymphogenous leukemia, renal 










damage 


’‘IV inclieatcs intravenous injections of sodium ascorbate 


5 (a) Hawley, E E , Stephens, D J , and Ander- 
son G The Excretion of Vitamin C in Normal 
Individuals Following a Comparable Quantitative Ad- 
ministration in the Form of Orange Juice, Cevitamic 
A.cid by Mouth and Cevitamic Acid Intravenously, J 
Nutrition 11 135 (Feb) 1936 (6) Finkle, P Vita- 

min C Saturation Levels in the Body in Normal Sub- 
jects and in Various Pathological Conditions, J Clin 


Investigation 16 587 (July) 1937 (c) Ralh, E P , 

Friedman, G J , and Sherry, S Vitamin C Require- 

ment m Man Estimated Aftei Prolonged Studies of 
the Plasma Concenti ation and Daily Excretion of 
Vitamin C in Three Adults on Controlled Diets, ibid 
18 705 (Nov) 1939 (rf) Blown, A P , Fincke, M L , 
Richardson, J E , Todhunter, E N , and Woods, E 
Ascorbic Acid Nutrition of Some College Students, 
J Nutrition 25 411 (May) 1943 
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the urine, that is, the reduced plus the dehydio- 
ascorbic acid Berrjnian and otheis “ found that 
dehydroascorbic acid averaged 18 per cent of 
the total amount excreted It is generally under- 
stood that saturation is indicated by excretion 
of 50 per cent of the administered dose 
For 20 subjects (table 3) we have sufficient 
data to obtain mfoimation legarding the amount 


Table 3 — The Renal Threshold for Ascot bic Acid 




Plasma, Jig 

per 100 Cc 

Cumulative 
Dosage ol Aseor 
blc Atid, Gm 


t 

Alter 

On 1st 

A 

On 1st 




Treatment 

Daj ol 

Daj ol 

Day ol 

Daj ol 
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E\cretlon 
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Excretion 
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ol 50% 
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oI50% 
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Basic 

Spill 

40 Jig 

ol Dose 

40 Jit 

ol Dose 

8 

0 24 

0 83 

191 

191 

15 

1 5 

12 

0 13 


1 07 

1 74 

2 0 

28 

lo 

0 39 

0 90 

1 43 

1 43 

20 

20 

24 

0 10 


1 35 


15 


14 

0 30 


1 11 

1 12 

08 

20 

2o 

002 


0 20 


05 


23 

0 24 


140 


1 5 

20 

1 

0 62 

0 52 

1 50 


05 


7 

0 05 

0 19 

0 46 

1 28 

00 

24 

2 

0 

090 

1 53 

1 42 

12 

1 4 

10 

0 

0 05 

151 

1 51 

1 0 

1 5 

22 

0 27 


1 50 


1 5 


4 

0 20 

0 92 


1 12 

09 

1 5 

11 

004 

0 74 

0 67 

067 

18 

1 s 

5 

010 

137 

1 50 

1 40 

1 5 

IS 

16 

0 

0 91 

Not 

Not reached 




reached 


on 2 4 


9 

0 25 

0 87 

134 


1 5 


17 

0 13 

088 

1 40 

1 40 

20 

20 

6 

010 

0 30 

0 63 

000 

1 5 

25 

20 

0 


0 02 


1 5 



of ascorbic acid needed to bring the excretion 
of vitamin C to normal and saturation levels 
It will be noted that in many cases the subject’s 
plasma level is fairly high before the excretion 
has reached 40 mg Subjects who reached the 
saturation point within twenty-four hours had, 
of course, no reading between the basic and 
saturation levels In 15 subjects the plasma 
level was over 1 0 mg per hundred cubic centi- 
meters at the time the excretion reached 40 mg 
Of the 5 exceptions, it may be noted in table 2, 
4 suffered disturbed or damaged renal function 
The condition of the fifth was diagnosed as scurvy 
with arthritis It is not known that scurvy 
affects the renal tubules so as to lowei the 
ascorbic acid threshold Russel and Calloway," 

6 Berryman, G H , French, C E , Harper, H A , 
and Pollack, H Response to the Intravenous Injec- 
tion of Ascorbic Acid as Indicated by the Urinary 
Excretion of the Total and Reduced Forms, J Nutrition 
27 309 (April) 1944 

7 Russel, W O , and Calloway, C P Pathologic 
Changes m the Liver and Kidneys of Guinea Pigs 
Deficient m Vitamin C, Arch Path 35 546 (April) 
1943 


m a repoi t of experiments on guinea pigs, 
described changes m the cytoplasm of the cells 
of the convoluted pioximal tubules m the scoi- 
butic animals and conclude that vitamin C defi- 
ciency produces a pathologic change in the cells 
of the kidney Since sciuvy does cause deteiio- 
ration of the suppoiting tissues throughout the 
body and apparently alters the structure of the 
capillary wall very earl), it is possible that 
' the effect on theTenal tubules may be to inciease 
permeability to ascorbic acid 

Aside from the (appaiently) pathologic lenal 
threshold desciibed in 5 of our cases, the data 
m table 3 suggest that the threshold for ascorbic 
acid may vary between 1 12 and 1 91 mg pei 
hundred cubic centimeteis in 10 patients In 5 
additional patients, who had not leally reached 
the saturation point it is evident that the 
threshold is not lowei than 1 34 

Table 4 — Effects of Adniimsiiatton of Ascot bic Acid 
on Plasma and on JVhole Blood 


Subject 

Dai 

Plasma, 
Jig per 
100 Cc 

12 

Basic 

013 


o 

167 


4 

1 74 

19 

B 

000 


1 

OCO 


2 

0 00 


3 

4 

5 

008 


0 

000 

25 

B 

0 02 


1 

0 20 


2 

0 79 

o 

B 

000 


1 

OOO 


o 

000 


3 

4 

5 

0 34 


0 

0 bo 


7 

0 3b 

2 

B 

000 


6 

15^ 


7 

1 42 

21 

B 

OOO 


1 

OCO 


2 

0 37 

JI D 

B 

069 


1 

0 58 

JI B 

B 

110 


4 

140 


Whole Blood, 

Cumulatiie 

Jig per 

Dose, 

100 Cc 

Gm 

0 20 


1 47 

20 

1 to 

28 


1 5 

0 70 

25 


35 


45 

0 51 

5 5 

039 

05 

0 35 


0 58 

0 5 

080 

1 0 

000 


009 

0 3(1 V ) 

015 

06 

0 23 

12 

0 38 

IS 

0 72 

24 

0 90 

34 

0 74 

3 4 

108 

1 2 

177 

1 4 

012 


0 40 

1 5 

0 51 

2 5 

0 09 

0 1 

1 48 

04 


Some data on comparisons of whole bloo an 
plasma are given in table 4 Readings veie 
made on the same blood sample m eaci case 
Most of the obseivations weie made on the 
subjects of this senes m connection with excre 
tion studies, but a few additional ones aie roin 
normal subjects obtained at vaiious times 
throughout the past yeai 
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It still appears, fiom what we have obseived, 
that whole blood is no moie valuable than plasma 
in estimating the patient’s need for vitamin C 
therapy In the low langes, which are of con- 
cern to the diagnostician, the whole blood level 
of ascorbic acid was higher than its plasma level, 
but the gieatest dilTfeience found was 012 mg 
per bundled cubic centimeteis, except only m the 
case of subject 25, who had been leceiving 
a high alkali intake, fiom which evident distur- 
bance of lenal function had occuired It is 
knoiMi that Mlamin C is destroyed by alkali, 
and the fact that at the time of the hist blood 
sample alkali theiapy had not been stopped sug- 
gests the possibility of destruction of vitamin C 
m the plasma out of propoition to destiuction of 
that m the cells Furthermore, it will be noted 
that on the third day after cessation of theiapy 

Table 5 — Ascot bic Acid Levels m Plasma Compared 




With 

Those in Whole 

Blood 


Plasma Levels 0 0 to 

Plasma Levels Over 

Plasma Levels Over 

0 10 Mg /lOO Cc 

1 0 Mg /lOO Cc 

1 0 Mg /lOO Cc 

f — " — 

Whole DlfCer 

Whole DKIer 


Whole Dlfier 

Plasma Blood 

cncc 

Plasma Blood cnee 

Plasma Blood ence 

000 

000 

0 00 

1 05 1 17 0 12 

1 42 

1 77 0 35 

000 

OOS 

OOS 

1 12 1 20 0 OS 

1 53 

103 0 15 

000 

000 

000 

1 30 1 30 0 00 

107 

1 47 —0 20 

0 00 

018 

0 12 

1 40 1 43 0 03 

1 74 

100 —OOS 

OOS 

013 

0 05 

Range 0 00 to 0 12 

177 

1 98 0 21 

0 03 

013 

0 05 


Range 0 03 to 0 35 

013 

0 20 

0 07 




010 

0 23 

007 





Range 0 05 to 0 12 


(table 4) the diveigence of 0 33 was decreased 
to 0 07 mg per hundred cubic centimeters, a 
figure which is in line with the others 

In making the comparison of whole blood level 
and plasma lei el for values above 1 0 mg we 
included some normal persons We have seen 
no noimal persons with values in the low ranges 
just discussed The remainder of the compari- 
sons are made on samples from patients after 
treatment with ascorbic acid In four pairs the 
greatest divergence was 0 12, the same as for 
the low group Five pans in which all values 
were above 1 40 mg showed a divergence from 
0 08 to 0 35, and m two of these samples the 
plasma value was higher than that- of the whole 
blood In none of the others was the plasma 
higher than the whole blood Further study in 
this field IS contemplated to allow us to inves- 
tigate the relationship between whole blood and 
plasma, especially at threshold levels It may 
be that blood cells will carry higher concentra- 
tions of vitamin C than the plasma until a point 
— perhaps 1 4 mg or ovei — is reached, after 


which an equilibrium seems to be established 
It becomes mcieasmgly difficult to increase the 
cell concentration of ascorbic acid by greater 
forced intake of vitamin C Faulkner and 
Tayloi ® have previously reached the conclusion 
that ascoibic acid is a thieshold substance with 
a ciitical level of excretion m the vicinity of 
1 40 mg per bundled cubic centimeters of 
plasma, and Hememann ° stated that rapid ex- 
cietion by the kidneys takes place when the 
serum level of vitamin C passes 1 40 mg While 
supplements were being administered to deficient 
subjects, it may be noted that (table 4) the rela- 
tionship between whole blood and plasma was 
consideiably altered 

Included m table 4 is 1 case of myelogenous 
leukemia (no 19) in which the plasma level 
remained zero or neaily so throughout six days 
while 6 5 Gm of ascorbic acid was administered 
The whole blood level was not obtained until 
aftei 2 5 Gm had been received intravenously, 
at which time it leached the highest value re- 
coided Although the treatment was continued, 
the level dropped appreciably Loss by excre- 
tion was not a factoi , as the figures show High 
voltage roentgen ray therapy to the spleen was 
applied daily, and toward the end of the period 
the drop in the white cell count was great This 
may account foi the decrease in whole blood 
content of vitamin C, since the white cells con- 
tain a gi eater concentiation of vitamin C than 
any of the other constituents of the blood How- 
ever, the problem posed by the disappearance 
of these enormous doses of ascorbic acid can 
be answeied only by the assumption that the 
administeied vitamin is destroyed In cases 
such as these, plasma studies are obviously inade- 
quate, and the pioblem must be attacked from 
several angles Butler and Cushman have pub- 
lished some data on the subject It is felt 
that study of the white cell and platelet layer 
of the blood will furnish more information than 
studies of the whole blood Until an adequate 
number of cases aie studied and the effects of 
roentgen ray theiapy carefully scrutinized, it is 
useless to theoiize 

FACTORS INFLUENCING INDIVIDUAL REQUIRE- 
MENTS OF VITAMIN C 

The amount of vitamin C needed to prevent 
signs of deficiency or to restore deficient levels 

8 Faulkner, J M , and Taylor, F H L Obser- 
vations on the Renal Threshold for Ascorbic Acid in 
Men, J Chn Investigation 17 69 (Jan ) 1938 

9 Hememann, M Distribution of Ascorbic Acio 
Between Cells and Serum of Human Blood, J Clin 
Investigation 20 39 (Jan) 1941 



412 


ARCHIVES OF INTERNAL MEDICINE 


to normal levels appears to be little at¥ected by 
a vaiiation m age m men between the ages of 
20 and 75 There seems to be some evidence 
of effects of sex variation Our observations 
on women are limited but tend to corroborate 
Mickelsen’s data which indicate fluctuations 
in plasma content of ascorbic acid corresponding 
to certain phases m the menstrual c}-cle This 
suggestion of a relation between vitamin C and 
estrogens is not a new idea Among others, 
Selkurt and associates,^’- on the basis of expeii- 
mentation with animals (dogs), made the state- 
ment that “esti adiol benzoate increases the 
clearance of ascorbic acid b}' reducing tubulai 
reabsorption so that the rate of excretion is 
increased while the plasma level tends to be 
reduced ” They noted that m the normal dog 
tubular reabsorption of ascoibic acid is incom- 
plete at plasma levels considerabl}' belon those 
required to effect complete saturation of the 
tubules, consequently ascoibic acid is excreted 
m the urine at all plasma levels In the course 
of treatment with estradiol benzoate, it was 
necessary to increase the load level of ascorbic 
acid considerably in order to produce a maximal 
reabsorption equivalent to the normal 

As it was previously pointed out, certain dis- 
eases apparently affect the efficiency of the body 
in handling administered ascorbic acid Renal 
damage or disturbance in every instance impaired 
the efficiency, especially with the larger doses 
While the effect in our cases seems to be a 
lowered renal threshold for ascorbic acid, the 
opposite effect has been observed in other kinds 
of renal damage An altered response to 
therapy was noted in conditions of leukemia, 
Hodgkin’s sarcoma and scun'^y 

10 Mickelsen, O , Dippel, A L , and Todd, R L 
Plasma Levels in Women During the Menstrual Cycle, 
J Clin Endocrinol 3 600 (Nov ) 1943 

11 Selkurt, E E , Talbot, L J , and Houck, C R 
The Effect of the Administration of Estrogen on the 
Mechanism of Ascorbic Acid Excretion m the Dog, 
Am J Physiol 140 260 (Nov ) 1943 

12 Sendroy, J , and Miller, B F Renal Functicm 
as a Factor in the Urinary Excretion of Ascorbic Acid, 
J Clin Investigation 18 135 (Jan ) 1939 


SUMMARY AND CONCLUSIONS 

The effects of large doses of synthetic ascorbic 
acid on urmaiy excietion, plasma and whole 
blood weie studied in patients hospitalized for 
other ailments but judged to be also deficient 
m vitamin C on the basis of histoiy, clinical 
signs and low plasma content of ascorbic acid 
The results of this study showed that 

1 The efficiency of single doses of ascorbic 
acid of 100 to 500 mg was excellent if the plasma 
level of ascorbic acid was low 

2 Some patients received as much as 1 5 Gm 
of ascorbic acid m one day without significant 
uimaiy loss, uhile the plasma content of vita- 
min C was increased to high normal levels 

3 The total amount of ascorbic acid supple- 
ment requned to produce a twenty-four hour 
excretion of 40 mg or over varied from 0 5 to 
2 0 Gm and the amount required for satura- 
tion, from 1 5 to 2 8 Gm 

4 Intravenous administration of ascorbic acid 
resulted in slightly greater excretion in a few 
cases 

5 A wide individual variation in the renal 
threshold for ascorbic acid is strongly indicated, 
the probable plasma level foi this series being 
between 1 1 and 1 9 mg per hundred cubic 
centimeters 

6 It was not demonstrated that a determina- 
tion of the whole blood level is superior to that 
of the plasma level in diagnosing vitamin C 
deficiency Patients with low plasma values gen- 
erally excreted very small amounts of ascorbic 
acid until dosage had raised the plasma levels 
above 1 0 mg 

7 Disease appears to be one factor that may 
influence the response to ascorbic acid treatment 
Patients having renal involvement or blood dys- 
crasias responded atypically 

8 Age did not appear to affect tbe results 
significantly 

9 Variations that may be attributed to sex 
differences occurred m tbe results of ascorbic 
acid treatment m these patients 
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Piimaiy systemic am} loiclosis is a rare dis- 
ease It occuis in the absence of piedisposing 
diseases and is chaiacteiized by deposition of 
am}loid chief!} in the tongue, the alimentary 
tract and the heart Koletsk} and Steelier ^ 
recentl} reviewed 24 cases of this disease re- 
ported in the American and foieign literatuie 
and added 2 cases of their own Two additional 
cases haA e since been i eported - 

The following case iiia oh ed an example of this 
disease wnth primar} involvement of the alimen- 
tary tract, It presents several unusual features 

REPORT OF A CASE 

T , a 66 3 ear old Negress, was admitted to the 
medical service of the Grady Hospital in July 1943, 
with the chief complaint of massive hematemesis three 
hours before admission 

History — The patient had been seen frequently in the 
outpatient clinic since 1927, Avhen she came to the hos- 
pital because of constipation and poor appetite At that 
time she appeared underweight Her blood pressure 
was 160 systolic and 114 diastolic Her symptoms failed 
to respond to therapy She first noted a sensation of 
“fulness” in the epigastrium in 1931, and in 1940 she 
had frequent attacks of epigastric pain, which were 
relieved by food Her symptoms were progressive A 
senes of gastrointestinal examinations in 1933 showed 
no pathologic changes, and a study of the gallbladder 
in 1941 gave results tvhich were interpreted as normal 
For several months prior to her entry into the hos- 
pital she had some exertional dyspnea, slight orthopnea 
and intermittent edema of the ankles She had occa- 
sional dysuria and nocturia, but numerous urinalyses 
revealed albuminuria of only 1 to 2 plus Numerous 
serologic tests for syphilis gave negative results 
One week prior to her entry persistent pain in the 
lower part of the abdomen developed She had frequent 
foul-smelling light yellow stools associated with abdom- 
inal cramping She became progressively weaker Three 
hours before her admission severe “drawing” epigastric 
pain, which radiated to the back, developed, and she 
vomited about a pint of "coffee-ground” material wuth 
flecks of fresh blood 

Physical Examination — The patient was a weak, 
emaciated Negress Her temperature was 99 6 F , her 
pulse rate 112, her respiratory rate 14 and her blood 
pressure 200 systolic and 110 diastolic An indefinite. 

From the Departments of Pathology of Grady 
Memorial Hospital and Emory University School of 
Medicine 

1 Koletsky, S , and Stecher, R M Primary Sys- 
temic Amyloidosis, Arch Path 27 267 (Feb) 1939 

2 Pearson, B , Rice, M M , and Dickens, K L 
Primary Systemic Amyloidosis, Arch Path 32 1 
(July) 1941 


soft, tender mass w'as palpated in the midepigastrium 
There was no muscular spasm, and peristalsis was 
present The apex impulse of the heart was located 
11 cm to the left in the fifth intercostal space The 
rhythm was regular, except for occasional premature 
contractions There was slight pitting edema of the 
legs The lungs were clear The skin over the fore- 
arms was dry and scaly The tongue was bright red 
and glossj’’ There Avere no other significant obser- 
vations 

Laboratoiy Data — Frequent urinalyses showed a spe- 
cific gravity of 1 004 to 1 014 and albuminuria, 2 to 4 
plus The urinary sediment contained occasional white 
blood cells and rare granular casts The red blood cell 
count was 4,300,000 per cubic millimeter, and the hemo- 
globin content of the blood was 9 Gm per hundred 
cubic centimeters The sedimentation rate on two occa- 
sions was 14 and 45 mm respectively per hour The 
white blood cell count was 6,550 per cubic millimeter, 
with a normal differential count Subsequent white cell 
counts varied between 4,500 and 9,000 The icterus index 
was 10 The plasma protein level Avas 73 Gm per 
hundred cubic centimeters, later falling to 3 9 per hun- 
dred cubic centimeters Examinations of stools gave 
positive results for blood for several days after her 
admission but then gave negative results The non- 
protein nitrogen on tAvo occasions was 25 and 27 mg 
per hundred cubic centimeters A phenolsulfonphthalein 
test showed excretion of 67 5 per cent of the dye in tivo 
hours A gastric analysis shoAved no free acid after 
the administration of histamine phosphate 

A series of gastrointestinal examinations shoAved a 
constant irregular narrowing of the pyloric antrum and 
a large duodenal cap measuring 7 by 7 cm There was 
50 per cent gastric retention after six hours Roentgen 
examination after a barium sulfate enema showed no 
obstruction in the large intestine 

Course in the Hospital — The patient was put on a 
Sippy regimen but continued to complain of epigastric 
and abdominal pain After administration of barium by 
mouth marked intestinal hypotonia and fecal impaction 
developed, Avhich Avere only partially relieved by vig- 
orous measures She persistently vomited everything 
taken bj mouth 

The patient was transferred to the surgical service, 
Avhere a laparotomy was performed A bizarre, white^ 
marble-hke discoloration of the entire stomach and of 
the large and small intestines Avas found It appeared 
to follow the longitudinal muscle fibers of the wall of 
the bowel and did not involve the mesentery A mass 
Avas palpable in the greater curvature of the stomach, 
in the prepyloric region Approximately three fourths 
of the stomach was removed by the Hofmeister technic 

Postoperatively the patient did poorly She was un- 
able to retain food Fecal impaction again developed, 
and a cecostomy was performed nine days later Despite 
all therapy her course continued doAvn hill, and she 
died on her sixty-ninth day in the hospital 
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An intravenous congo red test was performed three 
days before death Sixty-five per cent of the dj'e was 
retained in the blood after one hour 

Morphologic Observations on Surgical Specimen — 
Gross Observations — On examination the serosa of 
the stomach was seen to consist of smooth, grayish 
white, glistening tissue, extending 2 to 3 mm into the 
wall When the stomach was opened, two siiperficial 
ulcerations of the mucosa, 1 and 1 5 cm respectively in 
diameter, were found along the greater curvatiire, near 
the pylorus The surrounding tissue was elevated but 
not indurated 

Histologic Observations — Sections of the stomach 
were stained with phloxine-methylene blue, heniatoxylm 
and eosin, congo red, crystal violet and iodine 



A, the muscular coat of the stomach There is a 
increase of interstitial tissue caused by deposi ion 
amyloid with resulting atrophy of muscle fibers n 
field the process varies from slight to fairly advanced 
in degree Phloxin^methylene blue , X 400 
ulcer There are marked fibrosis and inflammatory cell 
oi the muscularis mucosae and the suD- 
mucosa The mucosa shows some repair Hematoxylin- 
eosin , X 40 


Extensive and almost continuous amyloid deposits 
were found m the outer layers of the muscplar coat 
and extending inward They had caused ^trOP J an 
replacement of the greater portion of the musculature 
(fig A-) Less extensive patchy areas of amyloid de- 


posits involved the distinctly hypertrophic muscularis 
mucosae Other slight amyloid deposits were seen within 
the walls of the blood vessels, chiefly at the bases of the 
ulcerations These ulcerations involved the muscularis 
mucosa but did not extend beyond it (fig B) Their 
fundi and the adjacent tissue were heavily infiltrated 
by chronic inflammatory cells Fibrosis of long stand- 
ing was seen surrounding the ulcerations, and within 
this scar tissue a large number of partially or com- 
pletely obliterated blood vessels were seen The mucosa 
at the margin of the ulcers showed varying degrees of 
regeneration but no evidence of anaplasia In the re- 
maining portions of the stomach the mucosa showed 
considerable chronic inflammatory cell infiltration 

Diagnosis — The diagnosis was amyloidosis of the 
stomach and two prepyloric ulcers 

Rcpoi t of Autopsy — Gross Observations An autopsy 
was, i?e.r£arm/id sw- b/aiirs, after 4e.afh ParwASViWn was, 
not granted for examination of the head The body 
was fairly well developed but poorly nourished There 
was pitting edema of the lower extremities The opera- 
tive incisions were in a poor state of healing 

When the peritoneal cavity was opened, the entire 
intestinal tract appeared bright red because of the ex- 
tensive deposition of congo red dye The remaining 
portion of the stomach, the duodenum and the termi- 
nal portion of the ileum showed extensive and diffuse 
involvement The esophagus and the remaining portion 
of the intestinal tract, including the appendix, showed 
extensive but patchy deposits The intestinal wall felt 
thickened and waxy There were a few hemorrhages 
in the wall of the small intestine Hemorrhages were 
more numerous in the wall of the descending colon 
A sharp obstructing kink was found m the jejunum 
just distal to the gastrojejunal anastomosis, which was 
in good condition The peritoneal cavity contained 1,000 
cc of clear yellow fluid Localized peritonitis was 
present in the region of the abdominal incision When 
the alimentary tract was opened, it was seen that the 
deposits of Congo red were confined to the muscular 
coat and the muscularis mucosae The mucosa through- 
out appeared normal, and no ulcerations were seen 

The heart weighed 290 Gm Scattered throughout the 
endocardium, chiefly in the left auricle, were numerous 
small deposits of congo red, each 3 to 4 mm across 
Numerous small firm red nodules, 0 5 to 1 mm m 
diameter, were present on the cusps and the annulus 
fibrosus of the mitral and tricuspid valves A few small 
deposits were also seen in the proximal portion of the 
pulmonary artery No other significant features were 
noted in tlie heart 

The spleen weighed 25 Gm Its surface was firm and 
granular The cut surfaces were deep purple, and the 
trabeculae were prominent 

No deposits of congo red were grossly visible in the 
liver, the spleen, the kidneys or the adrenal glands 
A few deposits were noted in the splenic artery 

Other observations included pulmonary congestion, a 
moderately advanced degree of arteriosclerosis and 
chronic cholecystitis No foci of tuberculosis or chronic 
suppuration were encountered 

HjAteteg’/:. Qhse.rva.tvms, Trs-siies. were, fixed in Zenk- 
er’s fluid with 5 per cent acetic acid and in solution 
of fornfaldehyde (10 per cent concentration) U S P 
The following stains were employed phloxine-methylene 
blue and aniline blue routinely , congo red, Mayer’s 
crystal \iolet — iodine reaction, Herxheimer’s scarlet red 
and Turnbull’s stain for iron on selected sections 

The heart showed numerous patchy areas of old scar- 
ring, with large deposits of amyloid In these areas 
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there was atrophy of the myocardial muscular bundles 
without evidence of acute necjrosis These areas were 
most frequently encountered near the endocardial sur- 
face In the auricles a large proportion of the mus- 
culature appeared to have been replaced by amyloid 
A relationship between these lesions and extensive de- 
posits of amyloid in the small arteries and arterioles 
was strongly suggested Large deposits of amyloid were 
seen in the cusp and the annulus fibrosus of the mitral 
^al^e, ^\hlch was otherwise normal 

The lungs showed early bronchopneumonia, edema 
and slight atelectasis and emphysema 
The spleen contained no amyloid The red pulp was 
congested and show'ed some phagocytosis of the erythro- 
cytes An iron stain showed considerable accumulation 
of iron pigment w'lthin large mononuclear cells 
Extensive amyloid deposits were seen m the esoph- 
agus, tlie small and large intestines and the appendix 
The process was almost entirely limited to the jnus- 
cularis, with patchy involvement of the musculans 
mucosae The outer longitudinal musculature was con- 
stantly involved , the inner circular layer less frequently 
In many areas the sequence of events could be traced 
m tlie patchy and later often confluent deposition of 
amyloid in the interstitial connective tissue, with sub- 
sequent atrophj' of muscle fibers There was no evidence 
of acute necrosis Although many small arteries and 
arterioles contained medial deposits of amyloid, no defi- 
nite relationship between these vessels and the diffuse 
interstitial deposits could be demonstrated 
In the pancreas some small amyloid deposits were 
seen in the walls of several small arteries and arterioles 
and m some of the small veins 

The liver showed marked congestion and fatty de- 
generation Small deposits of amyloid were present in 
some of the branches of the hepatic artery, but no other 
amyloid was seen 

The kidneys showed peculiar tubular lesions, charac- 
terized by marked vacuolation of the epithelial cells of 
the distal convoluted tubules These did not contain fat 
There was moderate arteriosclerosis No amyloid was 
present 

The adrenal glands were not remarkable except for 
some amyloid in several small arteries and in one large 
medullary vein 

The aorta displayed a moderate degree of arterio- 
sclerosis No amyloid was seen The gallbladder showed 
some old scarring No significant features were noted 
in the other organs, including the skeletal muscle, the 
bone marrow and the spinal cord 
The amyloid deposits described stained well with 
Congo red, weakly with crystal and gentian violet and 
not at all with iodine 

Anatomic Diagnosis The following diagnoses were 
made primary amyloidosis of the esophagus, stomach, 
intestinal tract and heart and of the arteries of the pan- 
creas, liver and adrenal glands, intestinal obstruction, 
ascites (1,000 cc), recent subtotal gastrectomy, recent 
colostomy , localized peritonitis , early bronchopneu- 
monia, pulmonary edema, congestion of the viscera, 
generalized arteriosclerosis, inactive chronic cholecys- 
titis, emaciation 

COMMENT 

Cmisahon — The causation of amyloid disease 
remains obscure It appears to be a disease pri- 
marily of connective tissue It can be repro- 
duced in animals, principally the horse and the 
rabbit In these animals the appeal ance of 
amyloid deposits is associated with a rise in 


the sei um globulin ^ Although usually the dis- 
ease in human beings is not accompanied by 
demonsti able changes in the serum proteins, there 
is a moi e than coincidental association of amyloid 
disease with multiple myeloma, in which high 
globulin fi actions aie common It has been 
suggested that deposition of amyloid substance 
lesults from a reaction of fixed tissue elements 
with a fraction of the seium globulin, perhaps 
on an allergic basis ^ 

This hypothesis receives support from the 
work of Hass and associates ^ By fractionation 
of amyloid, a protein was found which was 
soluble between pn 11 and pu 12 The specific 
solubility appeared to be determined by a sulfate- 
bearing polysaccharide similar in properties to 
chondroitin-sulfunc acid Different solubility 
properties were found in the amyloid of rabbits 
inoculated with tuberculin, horses receiving large 
doses of tetanus and human beings Further- 
more, differences were found in the amyloid m 
persons with tubeiculosis and in persons with 
chi onic osteomyelitis, as well as in animals under 
different causative circumstances It was con- 
cluded that the properties of amyloid depend not 
only on the species but on the method oi cause 
of production 

Types — Human amyloid disease has been 
divided into four types secondary amyloidosis, 
pnmaiy amyloidosis, amyloidosis associated with 
multiple myeloma and localized amyloid tumors 

Secondary amyloidosis occurs during the course 
of many chronic debilitating diseases, the most 
common being tuberculosis and chronic suppura- 
tion The organs characteristically involved are 
the hvei, the spleen, the kidneys and the adrenal 
glands, although small deposits may be found in 
any organ of the body The amyloid deposits 
are usually clearly vascular and perivascular in 
distribution and generally stain well with congo 
red, crystal violet and iodine In advanced 
stages the intravenous congo red test gives uni- 
formly positive results 

Primary systemic amyloidosis occurs in the 
absence of predisposing diseases The organs 
most frequently involved are the tongue, the 

3 Reimann, H A , and Eklund, C M Long- 
Continued Vaccine Therapy as a Cause of Amyloidosis, 
Am J M Sc 190 88 (July) 1935 Dick, G F, and 
Leiter, L Experimental Amyloidosis and Hyper- 
globulmemia, Tr A Am Physicians 52 246, 1937 
Reitstoetter, J Ueber die Goldzahl von normalem 
und pathologisch verandertem Blutserum, Ztschr f 
Immunitatsforsch u exper Therap 30 468, 1920 

4 Hass, G M Studies of Amyloid II The Iso- 
lation of a Polysaccharide from Amyloid-Bearmg Tis- 
sues, Arch Path 34 92 (July) 1942 Hass, G M , 
Huntington, R , and Krumdieck, N Amyloid III 
The Properties of Amyloid Deposits Occurring m Sev- 
eral Species Under Diverse Conditions, ibid 35 226 
(Feb) 1943 
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heart, the stomach, the intestines, the skeletal 
muscles and the skin Extensive deposits in 
the joints, tendons, bones, larynx, trachea, blad- 
der and genitalia have also been repoited. The 
liver, spleen, kidneys and adrenal glands usuallj 
contain little amyloid The symptomatology de- 
pends on the organs involved The average 
duration of the disease is two to three years, 
although in 1 case ^ it apparently persisted for 
fourteen years 

In most of the reported cases the amyloid de- 
posits gave varying reactions with the usual 
specific staining technic, although positive re- 
actions were obtained with at least one of the 
stains Varying results were also obtained with 
the intravenous congo red test, many patients 
showing normal retention of the dye in the blood 

Amyloidosis associated with multiple myeloma 
IS similar in distribution and staining character- 
istics to primary amyloidosis 

Localized amyloid tumors are occasionally 
seen m the larynx, tongue, bladder and 
bones They are usually solitary but ma> be 
multiple 

The case here lepoited seems to fill the neces- 
sar)'- criteria for the diagnosis of primary sys- 
temic amyloidosis The involvement was chiefl} 
gastrointestinal, and there was moderate deposi- 
tion in the myocardium and m the tricuspid and 
mitral valves The parenchyma of the liver, 
spleen, kidneys and adrenal glands contained no 
amvloid No foci of tuberculosis oi chionic 
suppuration were encountered 

Points oj Special Intel est — Several points 
are of special interest Two ulcerations of the 
gastric mucosa were found in the operative 
specimen These were obviously of long stand- 
ing, and may account for the patient’s chief 


complaint Gastric ulcers have been reported 
m but 1 other case »of primary amyloidosis ^ 
Here, too, hematemesis had occurred The 
involvement of the heart valves seen in this 
case has been reported but twice befoie- The 
intravenous congo red test, perfoimed shortly 
before death, showed a normal retention of dye 
in the blood after one hour This is in keeping 
with the observations of other authors ^ The 
vital staining of all amyloid deposits in the body 
afforded by this intravenous test is perhaps 
unique in this case The failure of the amyloid 
deposits to stain well with crystal violet and 
iodine IS also m keeping with previous experi- 
ence with this disease 

Of interest, also, is the long history of gastro- 
intestinal complaints of this patient, dating back 
sixteen years before death It seems reasonable 
to assume that the terminal intestinal hypotonia 
was due to massive replacement of the intestinal 
musculature by amyloid, but the relation of 
amyloid deposition to the patient’s early symp- 
toms cannot be determined 

SUMMARY 

In a case of primary systemic amyloidosis 
with involvement chiefly of the alimentary tract 
the presenting clinical symptoms WTie those 
of gastric ulcer 

Intiavital staining of the amyloid deposits 
following an intravenous congo red test, involve- 
ment of the heart valves and presence of gastiic 
ulcerations are the unusual features of this case 

5 Lubarsch, 0 Zur Kenntnis ungewohnlicher 
Amyloidablagerungen, Virchows Arch f path Anat 
271 867, 1929 


Progress in Internal Medicine 


GASTROENTEROLOGY 

A REVIEW OF THE LITERATURE FROM JULY 1943 TO JUNE 1944 
WALTER LINCOLN PALMER, MD, DAVID S HARMAN, MD 

AND 

WILLIAM E RICKETTS, MD 

CHICAGO 

(Concluded fioin page 356) 


COLON 

Physiology — Sheehan,'^®'’ in discussing the 
effect of the autonomic nervous system on the 
physiologic functions of the gastrointestinal 
tiact, considers the sympathetic and vagotonic 
manifestations as not distinctly sepaiable but 
as called into play simultaneously in a selective 
manner These manifestations ma} be eithei 
homeostatic oi an expiession of emotional be- 
havior When the autonomic i espouse becomes 
excessive, symptoms lesult 

Krost^°" leports 2 fatal cases of geneiahzed 
atony of the -whole gastiointestinal tract m new- 
born infants, the condition was attributed to an 
unproved imbalance of the autonomic neivous 
system 

Mayoial^°® presents a case of tumoi in the 
h} potlialamic region m which “altered motility of 
the colon was observed fluoi oscopically one 
month and eight days pievious to death” The 
contractions were forceful and complete The 
motor distuibance was attiibuted to the tumor 

Galambos,^”® in discussing the motility of the 
colon, piesents a i oentgenologic study of the 
large pendulum movement, with the conclusion 
that while it is not a regular physiologic process 
it IS not necessarily abnormal Redundancy and 
a long mesentery are necessary prerequisites 
Hence volvulus and invagination may occui 

A comparative experimental and clinical study 
was made by Necheles and associates of both 

406 Sheehan, D Physiological Mechanisms Involved 
in Gastrointestinal Dysfunction, Psychosom Med 6 56- 
57, 1944 

407 Krost, G N Autonomic Nervous System Im- 
balance of the Whole Gastrointestinal Tract in the 
Newborn Infant, J Pediat 24 635-640, 1944 

408 Mayoral, A Motor Changes Observed Fluoro- 
scopically in the Colon of a Patient Afflicted with a 
Tumor in the Hypothalamic Region, Am J Digest 
Dis 10 305-307, 1943 

409 Galambos, A Clinical and Radiological Obser- 
vations Concerning the Large Pendulum Movement of 
the Colon, Am J Digest Dis 11 151-158, 1944 

410 Necheles, H , Olson, W , Neuwelt, F , and 
Spier, E A Pharmacological and Clinical Study of 
Spasmolytic Drugs, Gastroenterology 2 46-59, 1944 


the well known and the newer spasmolytic drugs 
atropine sulfate, opium, belladona, papaverine 
hydrochloi ide, methylbiscyclohexylethylamine 
hydrochloride, tropic acid diethylaminoethyl- 
propionylbenzylalcohol hydiochloride, amyl 
nitrite, nitroglycerine, oil of peppermint, 
diphenylacetyldiethylammoethanol and hexenyl- 
phenylacetyldiethylaminoethanol Atropine and 
diphenylacetyldiethylammoethanol were con- 
sidered to be the most effective in the control of 
gastrointestinal symptoms A similar study was 
made by Ingelfinger 

In observing a series of 100 laparotomies, in 
which the patients were treated with neostig- 
mine preopeiatively and postopeiatively. Kouf- 
man found that those ti eated with neostigmine 
were more comfortable and had a greatly 
1 educed incidence of intestinal distention 

Rats fed diets containing 10 and 20 pei cent 
additions of laid, cottonseed oil, linseed oil 
menhaden oil, Crisco, baybeiry tallow, theo- 
bioma oil or tnbutynn did not have dianhea 
— not even when 2 cc doses of castor oil weie 
given by stomach tube 

Wikoff, Gaul and Marks m an excellent 
study of the effect of the glyceiides of the sat- 
in ated fatty acids on intestinal elimination in the 
dog, fed measured amounts of pure triglycerides 
mixed with a standard dog food Constipation 
was pioduced by the feeding of diets containing 
20 pel cent additions of the triglycerides which 

411 Ingelfinger, F J The Modification of Intes- 
tinal Motility by Drugs, New England J Med 229 
114-122, 1943 

412 Koufman, W B Control of Post-Operative 
Atonic Intestinal States with Prostigmm, Mil Surgeon 
93 187-190, 1943 

413 Wikoff, H L , Koonce, S D , and McGuire, 
H J Some Effects of High Fat Diets on Intestinal 
Elimination, Am J Digest Dis 10 266-270, 1943 

414 Wikoff, H L , Gaul, J F , and Alarks, B H 
Some Effects of Diets Rich in the Glycerides of 
Saturated Fatty Acids on Intestinal Elimination, Am J 
Digest Dis 10 395-399, 1943 
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melted above 50 C (tnsteann and tnpalmitin) 
The lipid content of the feces was greatly in- 
creased, the increase being ^much greater in 
neutral fat than in soap fat The addition of 20 
per cent tnmyristin (melting point 48 to 50 C 
uncorrected) did not affect the rate of elimina- 
tion, although the neutral fat fraction was greatly 
elevated The feeding of simple ti iglycerides of 
some of the saturated acids containing twelve 
or less carbons atoms (lauric, capiic, capary Ihc, 
caproic and butryic acids) produced laxative 
effects in all cases The intensity of the action 
varied inversely with the number of carbon 
atoms and the melting point of the acid As the 
cathartic action of the triglycerides increased, the 
percentage of added fat that the dogs would eat 
diminished All the dogs ate the meals of 
standard dog food with the addition of 20 per 
cent tnlaunn, but the concentration of added 
fat had to be reduced in the remainder of the 
cases Tnbutyrm, having the most violent action 
of any of the fats fed, caused diarrhea in 1 dog 
when as little as 0 2 per cent was added to the 
standard food Furthermore, this dog would not 
eat all the usual daily ration of a pound (0 5 
Kg ) of the standard food after the addition of 
0 2 per cent tnbutyrm 

Hurst describes the normal defecation 
reflex as a mass movement of the feces from the 
colon into the rectum followed by expulsion due 
to voluntary contraction evoked by the sensation 
of a distended rectum Rectal dyschezia is 
defined as a disturbance m the normal reflex with 
the collection of feces in the rectum Megacolon 
IS a dilatation of the rectum and pelvic colon 
with feces due to achalasia of the anal sphincter 
Hurst advocates gradual rectal dilation as cura- 
tive treatment Delano,'*^® on the other hand, 
takes the view that the term rectal dyschezia 
should be discarded because the rectal retention 
of feces occurs with and without organic disease 
and hence does not represent a clinical entity 

Gold and Zahm describe a method for the 
comparison of laxative agents in constipated 
human subjects, show that the laxative efficacies 
of the fumarates of sodium, calcium and mag- 
nesium are the same and that these three 
substances also possess approximately the same 

415 Hurst, A Dyschezia and Megacolon, Radiology 
42 128-135, 1944 

416 Delano, P J , m discussion on Hurst, pp 190- 
191 

417 Gold, H, and Zahm, W A Method for the 
Evaluation of Laxative Agents in Constipated Human 
Subjects, with a Study of the Comparative Laxative 
Potency of Fumarates, Sodium Tartrate and Magnesium 
Acid Citrate, J Am Pharm A 32 173-178, 1943 


laxative potency as sodium citiate and mag- 
nesium acid citrate gram for gram 

Hazelton and Talbert state that the cathar- 
tic action of bile salts compound in mice is due 
to the content of cholic acid, agreeing with the 
clinical impression that other purified bile salts 
are not active as cathartics 


Tainter reports that methyl cellulose is a 
synthetic material having physical and chemical 
pioperties suitable for use as a colloid laxative 
In doses of 10 Gm it approximately doubled the 
volume of the stools and increased their fre- 
quency The toxicologic and clinical studies 
should be extended before its general therapeutic 
use IS approved 

Spiesman reviews the history of the rather 
unsuccessful attempts to change the intestinal 
flora by using Bacillus acidophilus, lactose and 
dextrin and discusses the use of colloidal kaolin 
and aluminum hydroxide gel in the treatment of 
colonic disorders 

Alvarez analyzes the types of distress com- 
monly due to constipation as well as those pro- 
duced by strenuous purgation Ingelfinger and 
Palmer each discuss the syndrome of the 
“irritable colon ” Heilbrun presents a case 
with extensive roentgenographic changes sug- 
gesting ileitis and colitis in which the only 
apparent ascribable cause was the daily use of 
cathartics for over tyventy years 

Roentgenology — Henderson,^^® in a well illus- 
tiated paper, discusses the technic of the 
roentgenologic examination of the colon and 
concludes that the “classic” barium sulfate enema 
IS still the most generally useful method The 
use of compression requires careful interpieta- 
tion, for the observer may be easily misled The 


418 Hazelton, L W, and Talbert, K D Further 
tudies on Cathartic Action in Mice Senna Aloe, 
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419 Tainter, M L Methyl Cellulose as a Colloid 
Laxative, Pro’c Soc Exper Biol & Med 54 77-79, 
1943 

420 Spiesman, M G Colloidal-Kaolin and Alumi- 
num-Hydroxide Gel (Kalum*) in the Management of 
Lower-Bowel Conditions, Rev Gastroenterol 10 191- 
200, 1943 

421 Alvarez, W C Indigestion Due to Constipa- 
tion, Gastroenterology 2 427-431, 1944 

422 Ingelfinger, F J Treatment of the “Irritable 
Stomach” and the “Irritable Colon,” M Clin North 
America 27 1385-1396, 1943 

423 Palmer, W L Functional Disturbances of the 
Alimentary Tract, M Clin North America 28 418-428, 


1944 

424 Heilbrun, N Roentgen Evidence Suggesting 
Enterocolitis Associated with Prolonged Cathartic 
Abuse, Radiology 41 486-491, 1943 

425 Henderson, N P The Value of the Opaque 
Enema and Its Modifications, Brit J Radiol 17 140- 
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combined opaque enema and air inflation method 
IS partiCulaily helpful in diverticulosis , with 
othei lesions this method may be misleading 
Poppel and Bercow describe a modified 
barium sulfate mixture, consisting of 75 Gm of 
barium sulfate and 5 Gm of acacia in 2 quaits 
(19 htei ) of watei, which peimits the demon- 
stration of not only the contoui, as with the 
ordinary baiium enema, but of the normally 
distended lumen and its contents The method 
IS consideied of value paiticularly m the study 
of the region of the flexuies and in cases in 
which there is considerable redundancy Polyps 
and diveiticula aie more easily seen than with 
the ordinary barium sulfate enema Wissing and 
Lowman emphasize the impoi tance of the 
lateral view, particularly in the sigmoid and 
lower descending colon 

Enteuhs and Hepatitis — Pollack and Ger- 
ber,'*-® in a study of 88 cases of primary hepatic 
disease, found phlegmonous inflammation of the 
small or large intestine in 18 The lesion, 
apparently not previously described, has not 
been encountered by the authors in the past ten 
years except in association with primary disease 
of the liver, cirrhosis or toxic necrosis The 
mechanism of production and the clinical signifi- 
cance are not yet clear The intestine appears 
decidedly boggy On microscopic examination 
there is “seen a diflPuse phlegmonous inflamma- 
tion of the intestinal wall characterized by an 
infiltration of all the layers of polymorphonuclear 
leukocytes ” The lesions do not appear to bear 
a direct relation to the degree of hepatic inflam- 
mation 

Cecitis — Spivack and Busch report 2 cases 
of phlegmonous cecitis and collected 35 cases 
from the literature with a mortality of 8 per cent 
Two types are described, circumscribed and dif- 
fuse Phlegmonous cecitis is presented as a 
distinct disease entity attributed to enterogenous 
or hematogenous infection The former is con- 
sidered the more common and to result from 
mucosal abrasions from hard fecal masses, intes- 
tinal parasites or foreign bodies Zieman 

426 Poppel, M H , and Bercow, C The Use of 
a Modified Opaque Barium Sulfate Mixture in the 
Roentgenology of the Colon, Am J Roentgenol 51 727- 
729, 1944 

427 Wissmg, E G , and Lowman, R M The 
Lateral View in the Roentgenologic Diagnosis of Lesions 
of the Colon, New England J Med 229 207-210, 1943 

428 Pollack, A D , and Gerber, I E Abdominal 
Visceral Lesions Associated with Primary Disease of 
the Liver, Arch Path 36 608-611 (Dec ) 1943 

429 Spivack, A H , and Busch, I Phlegmonous 
Cecitis Report of Two Cases and a Review of the 
Literature, Am J Surg 61 54-59, 1943 

430 Zieman, S A Perforating Foreign Body of 
the Cecum, U S Nav M Bull 41 1103-1105, 1943 


leports a case of foreign body, apparently a fish 
bone, peifoiating the cecum, with uneventful 
lecoveiy following operation 

Rossei leports 2 cases of simple ulcer of 
the cecum not associated with other recognized 
infections or tumefactions of the bowel Less 
than 50 such cases have been described The 
ulcei IS usually found neai the ileocecal valve on 
the mesial side of the cecum , it has a pronounced 
tendency to perfoiate and to cause extensive 
scan mg and contraction The symptoms are 
vaiiable but usually suggest either appendicitis 
or cancer of the cecum and thus lead to surgical 
inteivention Fiank and Doughty, in the discus- 
sion of this paper, each describe similar cases 

Nonspecific Ulcei ative Colitis — Alvarez and 
Baigen emphasize the value of the sedimenta- 
tion rate in the recognition of diarrhea due to 
organic disease If the figure is low there is little 
chance that organic disease will be found, while 
if it IS high, more than 40 or 50 mm (Wester- 
gien method), there is almost certainly some- 
thing seriously wrong with the bowel They 
have also found the sedimentation late helpful in 
estimating the extent or seriousness of colitis 
of the “thromboulcerative” variety In patients 
in whom only the rectum and sigmoid segment 
are involved, the rate may be within normal 
limits 

An extract from the liver and lungs of patients 
with nonspecific ulcerative colitis contained a 
substance toxic and often lethal for mice 
Such a toxic factor was found in lesser amounts 
01 in a milder form in an occasional control 
extract of stillborn infants but not in adult con- 
trol lungs or infant livers 

An extensive study of patients with chronic 
ulcerative colitis disclosed that the majority had 
abnormal reactions to oral dextrose tolerance 
tests and that none of the reactions to mtiavenous 
dextrose tests were normal, although metabolism 
of dextrose as determined by basal metabolic 
rates and respiratoiy quotients was essentially 
normal A relatively small per cent of the 
patients had low fasting plasma vitamin A caro- 
tene and vitamin C levels The prothrombin 
clotting time was prolonged in the majority of 

431 Rosser, C Simple Penetrating Ulcer of the 
Cecum, Ann Surg 119 377-383, 1944 

432 Alvarez, W C , and Bargen, J A The Value 
of the Blood Sedimentation Rate in Recognizing Diar- 
rheas Due to Organic Disease, Proc Staff Meet , Mayo 
Chn 19 255, 1944 

433 Steiner, P E , Stanger, D W , and Bolyard, M 
A Toxic Factor in the Tissues in a Case of Nonspecific 
Ulcerative Colitis, Proc Soc Exper Biol & Med 55 
8-10, 1944 

434 Bercovitz, Z , and Page, R C Metabolic and 
Vitamin Studies in Chronic Ulcerative Colitis, Ann 
Int Med 20 239-254, 1944 


420 


ARCHIVES OF INTERNAL MEDICINE 


the patients The lesults were all taken as evi- 
dence that the syndrome of chronic ulcerative 
colitis IS not confined to an altered physiology 
of the colon but is also manifest by altered 
absorption and utilization, impairment of the 
insulin mechanism, generalized decreased capil- 
lary resistance and altered blood coagulation due 
to a decrease in prothrombin content 

Peteis^®^ leports chronic ulceiative colitis 
\Mth complications including abdominal fistula, 
caicinoma of the cecum, renal insufficienc} and 
pigmentation of the skin suggesting Addison’s 
disease 

Sauei and Baigen report 26 cases of ulceia- 
tn e colitis complicated b}’’ cai cmoma, thus bring- 
ing to 50 the numbei of such cases reported fiom 
the j\Ia}o Clinic, an incidence of carcinoma of 
2 5 pel cent In this gi oup of 26, polj'ps were 
present in 15 (58 pei cent) Theie were multiple 
caicmomas in 8, the gieatest numbei in 1 peison 
being eight piimai}^ carcinomatous lesions, all 
laige enough to be diagnosed on roentgenologic 
examination 

Drueck,^®" on the basis of 3 cases of ulceiative 
colitis (1 of acute, 1 of chronic and 1 of lecurrent 
colitis), advocates the use of lodoxyquinolme 
sulfonic acid in 2 pei cent solution foi colonic 
iingation, and 4 to 8 grains (given by mouth) 
eveiy six hours Litrak and Levy report a 
case of ulcerative colitis in a gii 1, aged 8^^ yeai s, 
in ^\hom they thought quick improvement was 
brought about by the use of chiniofon We 
recall, howevei, that ovei the past two decades 
chiniofon has been used extensively in tieatment 
of this disease and abandoned 

Two fatalities in cases of chronic ulceiative 
colitis aftei an ileostomy are attributed to per- 
toi ation of the ileum followed by peritonitis , 
hence it is suggested that ileostomy, if indicated, 
be pel formed at least 90 cm above the ileocecal 
ralve Peelen and Yonkman describe seveie 
diarrhea of the small intestine from an ileostomy 
As therapy bismuth and opium were given orally 

435 Peters, G A Chronic Ulcerative Colitis with 
Unusual Complications Report of Case, Proc Staff 
Meet , Mayo Oin 19 303-307 1944 

436 Sauer, W G , and Bargen, J A Chronic 
Ulcerative Colitis Followed bj’ Carcinoma Report of 
Twenty-Six Cases, Proc Staff Meet, Mayo Chn 19 
311-316, 1944 

437 Drueck, C J Treatment of Chronic Ulcerative 
Colitis, Am J Digest Dis 11 10-12, 1944 

438 Litvak, A M , and Levy, H Non- Specific 
Ulcerative Colitis — Case Report and Review of the 
Literature, Arch Pediat 61 293-299, 1944 

439 Crandon, J H , Kinney, T D , and Walker, 

I J Perforation of the Ileum Following Late Ileos- 
tomv for Ulcerative Colitis, New England J Med 
230' 419-421, 1944 

440 Peelen, M , and Yonkman, F F Tannin Con- 
trol of Ileostomy, Am J Digest Dis 10 277-278 1943 


without effect A dramatic i espouse apparently 
followed the admmisti ation of acetyl tannic acid 
and albumin tannate given in doses of 1 Gm 
evei}' four houis 

Millei desciibes methemoglobinemia from 
bismuth subnilrate used m treatment of chronic 
ulceiative colitis In forty-eight hours aftei use 
of the duig was stopped the level of methemo- 
globm 111 the blood decreased 80 per cent 
Amcbwsts — Diaz-Riveia and Rasberry 
attribute the low repoited incidence of amebiasis 
in Philadelphia to insufficient stool examinations 
and, until recentl}, lack of mteiest Bews and 
Choquette sur\ eyed 500 unselected patients 
admitted to the Mihtaiy Hospital at Ste Anne 
de Bellevue, Quebec, and showed that 236 (47 2 
per cent) of these had some form of protozoal 
C 3 st Food handlers may be effective trans- 
mitters of the organism Sawitz recommends 
that before the diagnosis of amebiasis is excluded 
thiee stool specimens passed on alternate da}s 
should be examined followed by the examination 
of a stool after a saline cathartic and the exam- 
ination of inateiial obtained fiom the sigmoid on 
sigmoidoscopy The unstained or hematoxvlin- 
stamed fecal film technics supplemented by the 
zinc sulfate centrifugal dotation method aie 
recommended 

Continuous infection of children with amebiasis 
in a childien’s home suggested that the method 
of transmission of the infection was direct contact 
transfei aided b) the general pollution of the 
environment Live steam sterilization of the 
envnronment combined with mass antiamebic 
chemotherapy constituted a simple and practical 
means of controlling the infection 

Jackman and Cooper pi octoscopically found 
ulcei ation of the amebic type m the lower part 
of the bowel in 20 8 pei cent of 115 patients with 
amebiasis Biopsy and sci apings from the ulcer 
at the time of proctoscopy afforded a positive 
diagnosis in 2 cases m which repeated examma- 

441 Miller, R C Methemoglobinemia Occurring 
m a Case of Chrome Ulcerative Colitis, Proc Staff 
Meet, Mayo Chn 19 308-311, 1944 

442 Diaz-Rivera, R S , and Rasberry, E A 
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tions oi the stools had given negative lesults 
Anal inflaminatoi} lesions, such as abscess and 
fistula, occuned in only 1 7 pei cent of the cases, 
in sti iking contiast with the high percentage of 
such lesions obseived in cases of chionic ulcera- 
tive colitis and legional ileitis The importance 
of a pioctoscopic examination to lule out othei 
disease, such as neoplasm, occuiimg independent 
of the amebiasis is indicated by the finding in 
1 case of a carcinoma in the lowei sigmoid m a 
patient vho had not impioved clinicall} aftei 
amebicidal theiapy 

Joige^^" and his collaboratoi s lepoit acute 
amebic abscess of the livei and acute peiitonitis 
due to intestinal peif oration D} senteiy had been 
piesent thiee yeais before the onset of the acute 
illness Results of examinations of stools weie 
negative for oigamsms but amebas ^^ele found in 
the ^^all of the abscess In spite of intensive 
treatment with emetine h} drochloiide and sulfa- 
pyridine, vioform and arsemcals, as well as sui- 
gical drainage of the abscess, peiforation of the 
colon occuired, leading to death fiom acute 
peritonitis Numerous ulceiations ^^ele found 
111 the colon Tiophozoites weie piesent m the 
walls of the intestinal ulceiations 

The successful local treatment wnth penicillin 
ot an amebic abscess of the liver secondaiily in- 
fected wuth beta hemolytic streptococci of Lance- 
field gioup G IS described 

Othei Paiasites — Raifman reports anothei 
case of infection wuth Isospoia bigemina, also 
described by Bustos The patient Avas tieated, 
A\ ith good results , but Ave must point out that 
such infections are knoAvn to be self limited 

Lowe,^''° m leporting 16 cases of human infec- 
tion Avith Strong)doides stercoralis, found that 
gentian Auolet medicinal gave symptomatic lelief, 
but neither it nor the other drugs tried, emetine 
hydrochloride, fuadin (stibophen) and antimony 
and potassium tartrate, could be considei ed satis- 
factory agents for eradicating the infection 

W allace and Chamberlin report that in the 
tieatment of hookAvorm infection tetrachloio- 

447 Jorge, J M , Goni Moreno, I , and Peralta, 
A R Consideraciones sobre un caso de amebiasis grave. 
Rev Asoc med argent 57 707-709, 1943 

448 Noth, P H , and Hir shield, J W Amebic 
Abscess of the Liver with Secondary Infection Local 
Treatment with Penicillin, JAMA 124 643-646 
(March 4) 1944 

449 Raifman, J A Case of Human Parasitosis 
Caused by the Isospora Bigemina, Rev Gastroenterol 
10 279-282, 1943 

450 Lowe, T E Strongyloidiasis in Man Infes- 
tation with Strongyloides Stercoralis (Eavay, 1876), 
M J Australia 1 429-435, 1944 

451 Wallace, W C , and Chamberlin, D T Hook- 
Avorm Infestation Comparative Methods of Treatment, 
Mil Surgeon 93 427-432, 1943 


ethylene admmisteied oially is satisfactory in the 
majoiity of cases Intiaduodenal administration 
gives bettei lesults but should be reserved for 
refiactoiy cases, because the oral method is 
usuall}^ satisfactoiy and the mtraduodenal method 
IS time consuming Lowe studied 363 cases 
of mild hoolcAAOim infection in patients with 
malaiia When the eosinophil count w^as greatei 
than 1 350 cells pei cubic millimeter helminth 
infection Avas almost cei tamly present Cutaneous 
lesions, dyspepsia and pionounced eosinophiha 
Avithout anemia Avei e pi oduced by the hookworm 
infection, m contrast Avith the manifestations of 
malai la 

Hsu examined stool specimens from 720 
pel sons in noitliAvest China The lowest inci- 
dence of infection Avitli helminths was 40 21 per 
cent and the highest 70 42 pei cent, the majoiity 
of the paiasites AAere Ascaiis lumbricoides The 
highest incidence ot Endamoeba histolytica infec- 
tion Avas 2 43 pel cent 

Fernando and Balasingham leview 162 
cases of acute ascanasis The mortality Avas 
27 pel cent in patients AVith ascanasis alone and 
50 per cent in patients m Avhom ascanasis Avas 
complicated by othei diseases Acute symptoms 
folloAA^ed anthelmintic therapy in 18 pei cent of 
cases Symptoms of acute gastroentei itis Aveie 
the presenting feature in 53 per cent and those 
of an “acute abdomen,” chiefly partial intestinal 
obsti uction, in 20 9 per cent The acute gasti o- 
enteritis oi paitial obstruction should be tieated 
before anthelmintic theiapy is given 

Most found phenothiazine m doses of 
30 mg per kilogiam of body weight given for 
thiee days an effectiA^e drug in the treatment of 
human Enteiobius veimiculans infection but in- 
effectiA’^e against infections with Ascaris lum- 
biicoides, Necator americanus, Strongyloides 
stercoralis and Tnchocephalus The drug AA'as 
safe in therapeutic dosage, but toxic doses le- 
sulted in hemolytic anemia and hepatitis 

Elliott also recommends phenothiazine 

Sisk emphasizes that when one member of 
a household is infected Avith pinworms all other 

452 Lowe, T E Hookw'orm Infestation, M J 
Australia 1 289-292, 1944 

453 Hsu, K C Human Intestinal Parasites in 
Northwest China A Brief Survey, Chinese M J &1 
292-295, 1943 

454 Fernando, P B , and Balasingham, S Acute 
Ascanasis in Children, Indian J Pediat 10 149-173 
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455 Most, H Studies on the Effectiveness of 
Phenothiazine in Human Nematode Infections, Am J 
Trop Med 23 459-464, 1943 

456 Elliott, M Phenothiazine in the Treatment of 
Human Intestinal Helminthic Infestations, Tr Roy Soc 
Trop Med 6L Hyg 37 163-164, 1944 

457 Sisk, W N The Modern Treatment of Pin- 
worm Infections, North Carolina M J "5 52-55, 1944 
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members can usually be shown to be infected if 
one uses the cellophane swab technic A mini- 
mum of seven swabs should be examined before 
one can be reasonably sure that the patient is not 
infected Sisk has never succeeded m ridding a 
household of pmwoims when one or more mem- 
bers refused to take the treatment Tieatment 
with gentian violet medicinal is reasonably satis- 
factory provided it does not cause too much 
nausea Phenothiazine gives results equal, if not 
superior, to those obtained with gentian violet, 
although it also is somewhat toxic and must be 
used with care Whichever treatment is used, 
the only way to be certain of cure is to take at 
least seven swabs from each member of the 
family, three about one week after treatment and 
four more two weeks later About 60 per cent 
of the families will be cured on the first treat- 
ment, about half of the remaining 40 per cent 
on the second tieatment and the remaining 20 
per cent on the third treatment if it is taken 

Megacolon — McKell reports 2 cases of 
so-called anal achalasia with megacolon in which 
symptomatic relief was obtained with neostig- 
mine and ergotamme tartiate administered 
orally Hawksley reports 12 cases of Hirsch- 
sprung’s disease m children from 2 to 11 years 
of age treated with spinal (nupercaine) anes- 
thesia repeated two or three times Six patients 
were cured, 5 improved and in 1 no modification 
was observed 

In a careful analysis of congenital megacolon, 
the cases of 29 patients on whom subtotal colec- 
tomy was performed are reported, of these, 24 
were males Seven of the 29 (24 1 per cent) 
died as a result of the operation Follow-up 
studies were made on 16, the results being con- 
sidered excellent in 13 and good in 3 Subtotal 
colectomy is considered the treatment of choice 
m cases of segmental congenital idiopathic mega- 
colon due to chronic mechanical obstruction It 
IS also indicated for persons with severe mega- 
colon, for persons not responding to spinal 
anesthesia, and for male patients Except in 
emergencies it is contraindicated for infants 
Johnson and Benson report megacolon in a 

458 McKell, J Anal Achalasia with Megacolon in 
Children Treated Successfully with “Prostigmin” and 
Ergotamine Tartrate, M J Australia 1 465-466, 1944 

459 Hawksley, M Spinal Anaesthesia in the Treat- 
ment of Hirschsprung’s Disease with Reports of Twelve 
Cases, Brit J Surg 31 245-252, 1944 

460 Whitehouse, F , Bargen, A J , and Dixon, G F 
Congenital Megacolon Favorable End Results of 
Treatment by Resection, Gastroenterology 1 922-937, 
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461 Johnson, J R , and Benson, R E The Surgical 
Treatment of Megacolon with Report of a Case of 
Acquired Megacolon, Proc Staff Meet , Mayo Chn 19 
324-328, 1944 


boy aged 2 years, observed proctoscopically to 
have a stricture of unknown origin 10 cm above 
the anus, narrowing the lumen to 3 mm The 
megacolon disappeared after removal of the stnc- 
tuie Martin and Ward report a case of 
megacolon m which volvulus necessitated resec- 
tion of the transverse colon followed by resection 
of the remainder of the colon for an associated 
inflammatory stricture of the sigmoid and 
anastomosis of the terminal portion of the colon 

Obstiuctton — Zaslow reports obstruction 
of the large bowel in 2 newborn infants due to 
congenital bands extending from the under 
surface of the liver to the hepatic flexure of the 
colon and calls attention to the similarity of the 
symptoms to those of obstruction of the large 
bowel m adults, namely, abdominal distention 
out of proportion to the amount of vomiting 
Bueermann and Dennis give brief discus- 
sions of the diagnosis and surgical management 
of obstiuctive lesions of the colon 

Tiaumatic Rupftne — Cameron^®® and asso- 
ciates made an interesting and well illustrated 
study of the abdominal injuries due to under- 
water explosion Twenty patients were sub- 
mitted to operation, with a mortality of 50 per 
cent Retroperitoneal and subserous hemor- 
rhages occurred in all patients Perforation of 
the cecum was present in 9 and of the ileum in 
7, and multiple perforations were present m 4 
Late perforations occurred m 2, a result probably 
of hemorrhage initiated by the primary injury 
A late survey of 80 who recovered without 
operation showed that the commonest symptom 
was abdominal pain persisting from three days 
to three months Helena was present in 82 per 
cent of these patients and in some persisted for 
four months In 20 per cent a history of 
hemoptysis was reported, and in 14 per cent, 
hematemesis An experimental investigation 
with 16 goats was made Eight of them had 
their chest and abdomen immersed and 8 had 
only the abdomen immersed Intestinal lesions 
were common in both types Bleeding by 
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rectum and mesenteiic hemorrhages weie more 
severe when the abdomen alone was immeised 
Gill and Hay/®'^ m a series of 16 such cases, 
operated on 6 patients, 4 of them dying Two 
of the remaining patients died without opei ation 
Martin reports the bizai re case of a 28 yeai 
old seaman tin own into the watei after a cruiser 
was torpedoed A depth charge exploded near 
him Peiforation of the rectum occurred as a 
primal y event m a single organ, with no evidence 
of other abdominal injury Death fioiii perito- 
nitis ensued 

Hicken and Cai Iquist discuss rupture of 
the gastrointestinal tract due to nonpenetrating 
injuries, report 6 cases and emphasize the fre- 
quency with which this condition occurs De- 
layed perforation occurred m 60 per cent of the 
cases and was not recognized until peritonitis 
occuried Collins reports 3 more cases, 
further illustrating the necessity of careful obser- 
vation and early exploration Bi own reports 
a spontaneous perforation of the pelvic colon, and 
Swenson and Harkins describe traumatic 
rupture of the rectum caused by compressed air 

Seybold, Black and Jackman, m discussing 
injuries to the rectum by impalement, describe 
the case of a 3 year old boy who had sat down 
forcibly on the shank of a bicycle seat Procto- 
scopic examination disclosed a hole in the 
anterior wall of the rectum in the region of the 
rectovesical space This was repaired through 
an abdominal incision Five grams of sulfa- 
thiazole crystals were placed in the pelvis Com- 
bined gas gangrene and tetanus antitoxin was 
given intramuscularly The child made an un- 
eventful recovery Of 7 such patients treated 
in the presulfonamide era, 2 died and 5 
recovered 

Dwei haihRs — Young and Young review 
the literature and analyze 84 cases of diverticu- 

I 

467 Gill, W G , and Hay, CP A Clinical Study of 
Injuries of the Abdomen Due to Under-Water Explosion, 
Brit J Surg 31 67-73, 1943 

468 Martin, P G C Perforation of Rectum from 
Immersion Blast, Lancet 2 605-606, 1943 

469 Hicken, N F, and Carlquist, J H Traumatic 
Rupture of the Gastro-Intestinal Tract by Non-Pene- 
trating Forces, Am J Surg 64 209-216, 1944 

470 Collins, A N Traumatic Rupture of the In- 
testine, Minnesota Med 27 276-278, 1944 
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litis Casper, in 489 studies with baiium 
sulfate enema observed 5 cases of localized irrita- 
bility and spasticity of the proximal portion of 
the sigmoid, interpreted as a localized inflamma- 
tion and thought to represent a clinical entity 
In the single fatal case, death lesulted from 
peritonitis Autopsy showed the walls of the 
lectum, sigmoid and distal descending colon 
noticeably thickened, edematous, grayish red and 
friable No definite ulcerations were seen The 
roentgenograms in the 5 cases are all suggestive 
of either diverticulitis without demonstrable 
diverticula oi so-called nonspecific ulcerative 
colitis, leading Casper to question the existence 
of sigmoiditis as an entity Thunig reports 
diverticulitis of the sigmoid complicated by per- 
foration mistaken for carcinoma and successfully 
resected, with subsequent reestablishment of the 
continuity of the colon 

Lymphog) anuloma Venereum — Seidenstein 
concludes that anorectal manifestations of 
lymphogranuloma seem to be best treated by 
prolonged systemic and local therapy with 
sulfonamide drugs combined with at least one 
course of Fiei antigen intravenously Napp^'^® 
presents an interesting study of the disease 
Bodkin attributes the difficulty in the passage 
of stools to the prolapse of the rectal wall into 
the stricture on straining and describes a surgical 
procedure for its correction 

Polyposts — McLaughlin reviews diflfuse 

polyposis and collected 30 cases in the literature 
between 1937 and 1942, bringing the total 
number of such cases to 331 David,^®^ in 
emphasizing the importance of destroying or 
removmg polyps, states that many can be handled 
by fulguration or local removal but more radical 
surgical measures may be indicated Keller 
describes an instance m which local excision of a 
degenerated polyp on the posterioi wall of the 
lower part of the rectum effected an apparent cure 
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Endomet! losis — Ben-Asher reviews the 
literature of endometriosis of the i ectosigmoid, 
discusses the pathology, diagnosis, roentgeno- 
logic manifestations and treatment and leports 
the case of a 37 year old woman who gave a 
history of periodic pains m the lowei pai t of the 
abdomen associated with diarrhea, aggravated 
during the menstrual period, followed by obstipa- 
tion with ribbon-like stools Sterility and men- 
stiual disorders were present On sigmoidoscopic 
examination an obstruction was found at about 
6 inches (15 cm ) but without a lesion of the 
mucosa The barium sulfate enema showed a 
constant filling defect in the legion of the sig- 
moid, with regular borders and an intact but 
puckered mucosa At the operation a mass was 
found involving the entire circumference of the 
bowel for inches (3 8 cm ), an endometrial 
c} st of the ovary and endometriosis of the meso- 
1 arium The uterus, both ovaries and both tubes 
w ere removed , nothing was done with the tumoi 
of the sigmoid Three years later the patient 
w as reported as having gamed 24 pounds ( 10 9 
Kg ) in weight, and a barium enema disclosed 
no evidence of a filling defect of the sigmoid 
Smith,^®^ On the other hand, reports a patient 
treated by resection of the involved colon fol- 
low ed by castrating doses of high voltage 
roentgen therapy 

Caranom-a — Cave notes that the Bureau of 
Vital Records and Statistics of the city of New 
York, with a population of 7,300,000 in the year 
1942, showed that 1,962 persons died from 
cancer of the stomach, 1,616 died of cancer of 
the colon and 911 of cancer of the rectum The 
value of the more frequent use of the sigmoido- 
scope and the x-ray for patients with the slight- 
est suspicion of a disturbed gastrointestinal tiact 
IS emphasized 

Seefeld and Bargen studied with extreme 
care the lymphatic, perineural and venous spread 
of 100 specimens of rectal carcinoma resected at 
Mayo Clinic during the years 1935 and 1936, 
finding lymphatic invasion in 47 per cent of the 
cases, perineural invasion in 30 per cent, and 
venous invasion in 20 per cent The incidence 
of invasion increased with the degree of malig- 
nancy Metastasis to lymph nodes was observed 
in 67 per cent of the cases with penneuial in- 

483 Ben-Asher, S Endometriosis of the Rectosig- 
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volvement and in 85 pei cent of those with 
venous involvement Pam was a prominent 
symptom m 89 pei cent of the cases with peri- 
neural invasion Local recurrence was found in 
27, with neural involvement m 22 7 per cent, 
venous involvement in 11 1 per cent, involve- 
ment of both sorts in 25 9 per cent and of neither 
sort in 40 7 per cent In 4 cases of local lecur- 
lence, metastasis to lymph nodes occurred with- 
out invasion of nerves or veins and in 7 cases 
without histologic evidence of spread by any of 
the three routes Visceral metastatic lesions 
were piesent at operation or developed later in 
94 per cent of the cases wuth venous involvement, 
whereas they were found m only one fifth of this 
frequency m cases without venous invasion 
Singleton gives a good description of the 
blood supply, and Whipple outlines the 
surgical treatment of the terminal ileum, cecum 
and right colon 

Connor and Harvey, in analyzing the impor- 
tant symptoms and signs in 50 cases of carcinoma 
of the right side of the colon, found abdominal 
pain and weakness common symptoms Occult 
blood was seen m the stools in 75 per cent of the 
cases, and a palpable tumor was noted in 82 per 
cent In 8 cases the diagnosis was not made pre- 
operatively 

Bertm concludes that metastasis from cancer 
of the digestive tract to bone is more common 
than is generally realized, the bones of the trunk 
being the most frequent sites The lesions are 
usually osteolytic and may obtain considerable 
size before producing symptoms Roentgen 
therapy had no effect in the 3 cases described 
Bellin'*®^ reviews the features of 117 cases of 
cancer of the rectum Guzman reports that 
lymphogranuloma was associated with cancer of 
the rectum and genitals m 8 of 12,546 cancerous 
patients observed during a ten year period One 
case IS described in which the rectum and vulva 
were involved by both diseases 

The incidence of multiple malignant lesions 
has been reported to be between 3 and 5 per cent 
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McCoimick finds that dining a thiee yeai 
Many of these aie synchronous oi multicenUic 
malignant lesions Multiple asynchionous pri- 
mal y malignant lesions aie less fiequent Licht- 
man lepoits 1 case in which three piimary 
malignant lesions developed m the colon m the 
couise of se\enteen yeais and a second wdiich 
imolved the lemoval of coincident piimaiy cai- 
cinomas of the rectum and lung Shemfeld and 
Rudolph found 2 cases of multiple piimaiy 
malignant tumors involving the gasti omtestinal 
tract and 1 involving the bieast and gallbladdei 
m 128 cases of malignant disease In 110 sui- 
gical specimens of malignant disease of the 
sasti omtestinal tiact theie w^eie 2 sMichronous 
malignant grow^ths The 3 cases i epoi ted include 
1 m wfinch theie w^eie tw^o apparently indepen- 
dent carcinomas involving the cecum and the 
tiansierse colon The othei 2 cases consist of 1 
of squamous cell carcinoma of the esophagus and 
an adenocarcinoma of the stomach and anothei 
ot adenocai ciiioma of the esophagus and adeno- 
carcinoma of the stomach 

iNtcGauley discusses the advantage of a high 
operation rate over the maintenance of a low' 
postoperative moitality rate and show's that from 
the standpoint of the numbei of patients alive 
one } ear after operation the former is preferable 
Allen thinks that the term “resectability” 
should be substituted for “opei ability ” In his 
own series 91 per cent of the lesions weie 
lesectable The mortality and morbidity were 
directl} related to i esectabihty Of the first 50 
patients reported on by Mui dock foi whom 
radical resection of the left side of the colon and 
the rectum was done only 1 was ovei 70 years of 
age and the mortality was 4 per cent The sub- 
sequent acceptance of more patients of advanced 
age increased the mortality to 9 3 pei cent, from 
w'hich Murdock concludes that a considerable 
mciease m mortality must be expected in the 
case of patients ovei 70 Cattell reports that 
81 4 per cent of 172 patients were submitted to 
resection for carcinoma of the colon and lectum 
during 1941, with a moitality of 5 pei cent A 
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one stage abdominopeiineal lesection was done 
m 76 7 pel cent of the cases of lectal carcinoma, 
w'lth a moitality of 3 8 per cent The modified 
Mickuhcz lesection was performed foi carcinoma 
of the colon, w'lth a mortality of 2 7 per cent 

Collei and Ransom,^” “ in compaiing the results 
of opeiation m cases of carcinoma of the lectum 
observed duimg the last six yeais with those 
obseived duimg the preceding six yeais, found 
that opei ability increased owing to earlier diag- 
nosis, extension of the limits of operability, 
standardization of the opeiative technic and 
impiovement m the preoperative and postopera- 
tive management Mayo and Twyman re- 
ported a follow-up study made in 90 cases of 
carcinoma of the lectum in which the patients 
survived a one stage combined abdominoperineal 
lesection At the end of three years 61 of the 
patients weie alive and 29 dead Eleven opera- 
tions weie consideied palliative Even though 
obvious metastasis to the livei or deep aortic 
nodes existed at the time of the operation, 45 per 
cent of the patients suivived thiee yeais or 
moi e Dixon describes the technic used in 
206 cases of carcinoma low in the sigmoid and 
the rectosigmoid, 181 of which were performed 
with a view of cure and 25 as a palliative pro- 
ceduie The operative mortality rate was reduced 
fiom 19 4 to 2 4 per cent This result was 
attiibuted to the careful preoperative treatment 
In the operative procedure the superior hemoi- 
ihoidal vessels were sacrificed w'lthout apparent 
impaiiment of the circulation of the rectosigmoid 
or rectum 

Allen®®” lepoits 7 cases of peiitonitis secon- 
dary to perforation of carcinoma of the colon 
Perforations are most likely to occur in the 
fungatmg type of adenocai cinoma eithei at the 
site of the tumor oi in the loop of bowel just 
pioximal. The diagnosis should be suspected 
for any patient of cancer age who shows evidence 
of peiitoneal inflammation The treatment is 
drainage first and resection latei, but the prog- 
nosis IS pool 
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period 74 per cent of the patients with rectal 
cancer were advised to have an abdomino- 
perineal resection, 6 per cent refused In 80 
per cent of those operated on resection was done , 
in 16 per cent the lesion was too far advanced 
and in 4 per cent death followed cecostomy for 
intestinal obstruction Preoperative roentgen 
irradiation was usually given For the patients 
with inoperable cancer irradiation was used 
routinely, colostomy was necessary for only 42 
per cent of these 

Stenstrom and Malbin report on 173 
patients with cancer of the rectum treated by 
radiation therapy , 92 of these were inoperable , 
12 refused operation, 69 underwent lesection 
but were treated with radiation also because of 
the likelihood of incomplete removal Five of the 
idSt group were first thought inoperable Of the 
patients treated by resection followed by irradia- 
tion 34 per cent survived five years or more 
Of 104 treated by radiation alone or with 
colostomy 5 survived five years , the average 
length of life was twenty-one months 

In dogs 900 r may lead to ulceration and 
perforation of the rectum In a review of 
195 cases of cancer of the rectum and sigmoid 
treated by radiation the conclusion is reached 
that roentgen ray therapy is of value in freeing 
a fixed cancer preoperatively and as a palliative 
measure for patients with inoperable cancer 

Carroll describes a deodorant containing 
charcoal and phenylsahcylate for use with 
colostomies 

Lymphosarcoma — Harper, Waugh and Dock- 
erty,®®’’ in reporting on lymphosarcoma of the 
cecum, emphasize that apparently inoperable 
lesions may be lymphosarcomatous and hence 
can be treated by resection and irradiation 

504 Stenstrom, K W , and Malbm, M Results of 
Treatment of 173 Cases of Carcinoma of the Rectum, 
Radiology 42 S4S-S49, 1944 

505 Pohle, E A , McAneny, J B , and Lovell, B K 
Radiation Therapy in Carcinoma of the Rectum and 
Sigmoid An Experimental Study of the “Danger” 
Dose of Roentgen Rays for the Intestinal Mucosa m 
Dogs and an Analysis of 195 Cases Treated in the State 
of Wisconsin General Hospital During 1928-1938, 
Radiology 41 225-232, 1943 

506 Carroll, W C A Deodorant for Colostomies, 
Minnesota Med 26 709-710, 1943 

507 Harper, S B , Waugh, J M , and Dockerty, 
M B Lymphosarcoma of the Cecum Report of Case, 
Proc Staff Meet, Majo Clin 19 182-187, 1944 


Wmkelstem and Levy report 15 cases of 
lymphosarcoma of the intestine, describe the 
proctoscopic pictui e and consider the differentia- 
tion between small round cell and reticulum cell 
tumors to be unimportant clinically Even with 
surgical removal plus radiotherapy the disease is 
invariably fatal, the duration of life being usually 
less than one year, although 1 of their patients 
lived SIX years 

Miscellaneous — The literature of fecal fistula 
IS 1 eviewed, with a discussion of its classification, 
incidence and cause and a report on 590 patients 
observed at the Mayo Clinic in a twelve year 
period 

Ducassi and Bargen report the unusual case 
of a 28 year old woman who gave the history of 
bleeding from the vagina on one day followed by 
hemoptysis continuing for one or two days and 
followed by rectal bleeding, the amount of blood 
passed by rectum varying from a teaspoonful to 
a pint (500 cc ) at a time Aside from hemor- 
rhoids no rectal lesion was found 

Pemberton and Brindley report on a 
stenosing superficially ulcerated lesion of the 
rectum which when resected and examined 
histologically was found to be inflammatory, 
with typical noncaseating tubercles Culture and 
smears prepared with carbolfuchsm did not 
demonstrate the presence of tubercle bacilli, but 
nevertheless the presumptive diagnosis seemed 
to be primary tuberculosis of the rectum 

Shucksmith discusses the treatment of ano- 
rectal conditions in the Army and recommends 
the use of caudal anesthesia in operative mea- 
sures for fissure, hemorrhoids, anorectal abscess 
and fistula Cantor on the basis of 32 cases 
tecommends tattoo-neurotomy as the procedure 
of choice for so-called cryptogenic pernicious 
pruritus am 

508 Wmkelstem, A , and Levy, M H Lymphosar- 
coma of the Intestines Fifteen Cases, Characteristic 
Sigmoidoscopic Picture, Gastroenterology 1 1093-1099, 
1943 

509 Lichtman, A L, and McDonald, J K Fecal 
Fistula, Surg, Gynec & Obst 78 449-470, 1944 

510 Ducassi, E R , and Bargen, J A Cyclic Bleed- 
ing from the Digestive Tract, Proc Staff Meet, Mayo 
Clin 18 427-429, 1943 

511 Pemberton,! de J , and Brmdlej', G V Tuber- 
culosis of the Rectum Report of Case, Proc Staff 
Meet, Mayo Clin 19 46-51, 1944 

512 Shucksmith, H S Common Anorectal Con- 
ditions m Army, J Roy Army M Corps 81 269, 1943 

513 Cantor, A J Pruritus Am, Lancet 1 692, 1944 
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Book Bevleu-s are grouped together and are Indexed 
under that heading in alphabetical order under the 
letter B 

Abdomen Sec also Gastrointestinal Tract 
traumatic rupture, 422 

Abnormalities and Deformities See under names of 
organs and regions, as Heart , Intestines , etc 

Abscess See under names of organs and regions, 
as Brain , etc 

Acid, Ascorbic See Ascorbic Acid 
Cevitamic See Ascorbic Acid 
Pantothenic See Vitamins 
Actinomjcosls, 263 

Adenoma of Islets of Langerhans with hj poglj cemla , 
report of 2 cases, 109 

Adolescence See Puberty 
Aeronautics See Aviation and Aviators 
Agranulocytosis See Granulocytopenia 
Atnhum, 137 

Air, effects of cold air on air passages and lungs, 
experimental investigation, 233 
Pressure Sec Altitude, Aviation and Aviators 
Air Passages Sec Kcsplratory Tract 
Albright Syndrome Sec Osteitis fibrosa 
Alimentary Tract See Digestive System 
Alhalosis, 268* 

Altitude, influence of anoxemia on hemopoietic 
activity 284 

Altschule, M D Respiration and circulation In 
patients with obstruction of superior vena cava , 
cerebral factors In dyspnea and orthopnea, 24 

Amebiasis, 420 
Amputation, 210 

Amyloidosis, primary systemic, of alimentary tract, 
413 

Anemia, aplastic, and Its association with hemo- 
chromatosis, 395 

effects of some liver extracts on carbohydrate 
metabolism, 324, 327 

Infectious mononucleosis , analysis of 300 cases with 
3 characterized by rare hematologic features, 
3TG 

pernicious in Clilncse, 404 
Aneurysm, abdominal, 345 
and other vascular injuries, 206 
Angina Agranulocytic See Granulocytopenia 
Anorexia Nervosa See Appetite 
Anoxemia See under Blood, Oxygen 

Antes, E H Dengue-like fever occurring In Iowa 
during poliomyelitis epidemic of 1943, 184 

Anthropometry, arachnodactyly (spider fingers), 215 
Anus See also Rectum 
anorectal conditions In Army, 426 
lymphogranuloma venereum, 423 
Aorta, coarctation, 207 
Apparatus See also Instruments 

for direct measurement of pressure In large and in 
small veins, 141 

Appendicitis, acute, 250 


Appetite, anorexia nervosa, 255 
Arachnodactyly (spider fingers), 215 

Armed Forces Personnel See Aviation and Aviators ; 
Military Sledlclno, etc 

Armies Sec Military Medicine 

Arteries See also Aneurysm, Aorta, Arterio- 
sclerosis , Blood pressure , Blood vessels , Em- 
bolism , Extremities, blood supply. Periarteritis, 
Thrombosis , Vasomotor System , etc 
Inflammation See also Periarteritis 
Inflammation , temporal arteritis, 137 
Arteriosclerosis , atherosclerosis, 133 
Arteritis See Arteries, Inflammation 
Ascariasls, 421 

Ascorbic Acid, large doses In treatment of Vitamin C 
deflclenclcs, 407 

Asthma, cardiac, respiration and circulation in pa- 
tients with obstruction of superior vena cava , 
cerebral factors In dyspnea and orthopnea, 24 

Atherosclerosis See Arteriosclerosis 
Atmosphere See Air 

Aviation and Aviators, influence of anoxemia on. 
hemopoietic activity 284 

Azotemia See Blood, nitrogen , Blood, urea 

Bacteria, Actlnobacllli See Actinomycosis 
Dysentery See Dysentery 
Shigella See Dysentery 
Tularenso See Tularemia 

Baer, R D Sporotrichosis in New York state , 
report of 2 new cases and tabulated discussion, 
of 26 previous ones, 145 ^ 

Ball, A L Clinical features of relapsing Plasmo- 
dium vlvax malaria in soldiers evacuated from 
South Pacific area, 159 

Baumgarten-Cruvellhlcr Syndrome See Cruvellhier- 
Baumgarten Syndrome 

Beaser, S B Primary atypical pneumonia of un- 
known cause, with unusual manifestations and 
complications, 30 

Bell, J F Efficacy of some drugs and biologic 
preparations as therapeutic agents for tularemia, 
155 

Bevans, M Aplastic anemia and its association with 
homochromatosls, 39S 

Bezoar See under Intestines 
Biggs, Hermann M , Memorial Lecture, 144 
Biliary Tract See Gallbladder, Liver 
Blast See Explosions 
Blood See also Leukocytes 

Circulation See also Arteries, Heart, Vasomotor 
Sy stem , Veins , etc 

circulation and respiration In patients with ob- 
struction of superior vena oava , cerebral factors 
In dyspnea and orthopnea, 24 
circulation time 126 
coagulation , anticoagulants, 131 
coagulation , venesection for plethoric patient, 248 
Diseases See Anemia, etc 
flow to extremities, 128 

infectious mononucleosis , analysis of 300 cases- 
wlth 3 characterized by rare hematologic fea- 
tures, 37G 
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Blood — Continued 

influence of anoxemia on hemopoietic acthity, 
284 

nitrogen , azotemia associated ivltli gastrointestinal 
hemorrhage , experimental etiologic studj , 381 
potassium and muscle ischemia, 131 
pressure, apparatus for direct measurement of pres- 
sure in large and in small veins, 141 
pressure, high, fatal poisoning from potassium 
thiocyanate used In treatment of hjpertension , 
report of case and review of literature 241 
pressure high, primarj vascular hjpertension 
197 

pressure, high , surgical treatment of hv pertension 
210 

pressure Ion , azotemia associated with gastro- 
intestinal hemorrhage, experimental etiologic 
study 381 

pressure, response to cold picssor test 197 
sedimentation determination of sedimentation rate 
of red blood cells , use of so-called correction 
charts and optimum length and diameter of plpct, 
105 

sedimentation, venesection for plcthoiic patient 
248 

sugar, adenoma of Islets of Langerhans nitli hjpo- 
glycemla , report of 2 cases 109 
sugar effect of prolonged phj steal inactivitj on 
tolerance of sugar 39 

urea azotemia associated with gastiolnlestlnal 
hemorrhage experimental etiologic studj 381 
Vessels bee also Arteries Periarteritis, Vaso- 
motor System , Veins , etc 
vessels, aneurjsras and other vasculai injuries, 
200 

vessels effect of drugs on, 127 
vessels, vascular diseases, tentli annual review, 
123 197 

Blotner H Effect of prolonged pliysical inactivitj 
on tolerance of sugar 39 

Boger W P Adenoma of islets of Langerhans with 
hjpoglycemia, report of 2 cases 109 

Bones See under names of bones 
Diseases See Osteitis , etc 

Book Reviews 

American Medical Practice in Perspectives of 
Centurj , B J Stein, 143 
Amino Acid Composition of Proteins and Foods 
Analytleal Methods and Results , R J Block and 
D Bolling 214 

Atlas of Blood in Children, K D Blackfan and 
L K Diamond, 144 

Clinical Syphllology, J H Stokes H Beerman 
and N R Ingraham Ji , 74 
Clinical flropical Medicine, edited bj Z T Berco- 
vitz 73 

Gastro-Intestinal Tract Handbook of Roentgen 
Diagnosis, F J Hodges, 214 
Grandes sintomas o sindromes Sintesis de tera- 
peutica clinlca, A Nljensohn, 214 
Health and Hygiene Comprehensive Studj of Dis- 
ease Prevention and Health Promotion, L Acker- 
man, 143 

Heart Disease, P D IVhite 74 
Infeetious Anemias Due to Bartonella and Related 
Red Cell Parasites , D Weinman 73 
Internal Medicine Its Theory and Practice in 
Contributions bj American Authors , edited bj 
J H Musser 213 

Lead Poisoning , A Cantarovv and M Trumper 
213 

JManometric Techniques and Related Methods for 
Studj of Tissue Jletabolism, \\ VV Umbreit 
R H Burris and J F Stauffer 213 


Book Rev iews — Continued 

Medical Uses of Soap, edited bj M Fishbein, 
143 

Medico-Legal Blood Group Determination , D 
Harlej, 213 

Mlcrobiologj and Patiiologj , C F Carter 214 
Outline of Tropical Jlediclne , 0 Saphlr, 143 
Proteins and Amino Acids Physiologj, Pathology, 
Therapeutics, 74 

bindrome de Morgagni, C A Campos, 144 
Textbook of Medical Treatment, 144 
Urlnarj Tract Handbook of Roentgen Diagnosis , 
H D Kerr and C L Gillies, 73 
A'lslt to Le Puj -en-Velay , H Cushing, 143 

Bonds See Intestines 

Brain See also Lenticular ISucleus 

abscess associated with congenital heart disease 
279 

metabolism of, 70 

respiration and circulation in patients with ob 
striictlon of superior vena cava, cerebral factors 
in djspnea and orthopnea, 21 
Biitish Journal of Surgerj Sec Periodicals 

Brodskj B , M Fatal poisoning from potassium 
thiocyanate used in treatment of lij pertension 
repoit of case and review of literature 241 

Bionchlectasis following atypical pneumonia 89 

Bioncliopneumonla Sec also Pneumonia 
acute suppurative 45 

Cancer Sec Sarcoma Tumors and under names 
of organs and regions as Colon , Duodenum , 
Esophagus , Intestines , Stomach , etc 

Capillaries See Blood vessels. Vasomotor System 
Carbohjdiates See also Dextrose, etc 
metabolism, effects of some liver extracts on 324, 
327 

Caiclnoid See i nder Intestines 
Cardiospasm See under Stomach 
Cardiovascular Diseases See Blood vessels. Heart 
Cardiovascular System See Arteries, Blood vessels. 
Heart, Vasomotor System, etc 

Causalgia See Neuralgia 
Ctcum , cecltis, 419 
Ijmphosarcoma, 420 
Ceiebrum See Brain 

Cheiiiotlierapy See under names of diseases 
Cliildien, ulcer in childhood 270 
China and Chinese pernicious anemia in Chinese, 
404 

Cholelithiasis See Gallbladder calculi 
Cholera, 350 

Cholesterol atlierosclerosls 133 
Cigarets See Tobacco 
Circulation See Blood circulation 
Clrculatoiv System See Blood circulation. Blood 
vessels Heart 

Cobb S Review of neuropsychiatry for 1944 , 
neuiosis and war 65 

Cold effects of cold an on air passages and lungs 
experimental inv estlgation 233 
response of blood pressure to cold pressor test 
197 

Colitis nonspecific vdeerative 419 
Colon See also Cecum , Gastiointestinal Tract 
Intestines 
caiclnoma 424 
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Colon — Continued 

dilatation , niegacolon, 422 
diverticulitis, 423 
olistruction, 422 
physiology, 417 
Toentgenologj , 418 
Coma See Diabetes Mcllltus 

Comfort 51 lY Oeclusion of hepatic \cins, leview 
of 20 cases, 175 

Correction Charts, determination of sedimentation 
rate of red blood cells , use of so-called correc- 
tion charts and optimum length and diameter of 
plpet, 105 

Coumarln , anticoagulants, 131 

Crui ellhier-Baumgarten Svndromc, hepatolenticular 
degeneration , report of 2 cases w 1th pre- 
domlnantb hepatogenic SMiiptoms 1 associated 
nlth Crineilhler-Bauragarten smdronie, 151 

Crjstalllne Lens See Lens, Crjstalline 

Cysts See under names of organs and legions, as 
Duodenum , Intestines , etc 

Cytomycosls See Histoplasmosis 
Cytosiderln See Hemochromatosis 

Darling's Disease See Histoplasmosis 
Deficiency Diseases See 1 itanilns , etc 
Degeneration, Amyloid Sec Amyloidosis 
Hepatolenticular See Lenticular Nucleus 

Dehydration, azotemia associated with gastrointestinal 
hemorrhage, experimental ctiologic study, 381 

Delgado E Influence of anoxemia on hemopoietic 
activity, 284 

Dengue dengue-lllte fever occurring in Iowa during 
poliomyelitis epidemic of 1943, 184 

de TaKats G lascular diseases, tenth annual 
review, 125, 197 
Vascular surgery, 204 

Dextrose Sec also Blood, si gai , Carhohydritcs, 
etc 

tolerance effect of prolonged physical inactivity 
on tolerance of sugar 39 

Diabetes, Bronze See Hemochromatosis 
Diabetes Mellltus See also Blood sugai 

effects of some liver extracts on carbohvdiate 
metabolism, 324, 327 

Diaphragm, Hernia See Hernia, dlaphiagmatlc 
Diarrhea See also Dysentery 

dysentery and diarrheal diseases, 351 
epidemic, of newborn, 351 
Tropical See Sprue 
DIcoumarIn See Coumarln 

Digestive System See also Gastrointestinal Tract, 
Intestines , Pancreas , Stomach , etc 
hemorrhage, 42G 

prlmaiy systemic amyloidosis of alimentaiy tract, 
413 

vitamin deflclencv and effect on alimentary tract, 
352 

Diverticula See Colon , Duodenum , Intestines 

Dockerty, 51 B Albright's syndrome (polyostotic 
fibrous dysplasia with cutaneous pigmentation In 
both sexes and gonadal dysfunction in females), 
357 

Drugs effect on blood vessels, 127 
Duodenum, cancer, 341 
cyst, 341 
diverticula, 341 
obstruction, 341 


Diiodtiiuni — Continued 
lupturc, 341 
saicoma, 312 
Ulueis Sec Peptic XJlcci 

Dussalllant G , G Fatal poisoning from potassium 
thiocyanate used In treatment of hypertension, 
lepoit of case and review of literature, 241 

Dysentery See also Diarrhea 

Amebic Sec Amebiasis 

and diarrheal diseases 351 
1) lulllary 352 

D.vspnea See also Asthma 
icspiratlon and circulation in patients with oli- 
struction of superior vena cava, cerebral factois 
in dyspnea and orthopnea, 24 

Education , Hermann 51 Biggs Xlemorial Lecture 
144 

New York Institute of Clinical Oral Pathology, 
144, 214 

Dlectrocardlogiam See under Heart 

Lllerbrook L D Clinical features of relapsing 
Plasmodium vivax malaria in soldieis evacuated 
from South Pacific area 159 

Embolism See also Thrombosis 
and thrombosis, 135 
irterial occlusions, 205 
venous thrombosis and embolism, 204 
Endocarditis, pneiimococcic, 82 
1 ndometrlosis 424 

Lngbiing, G 51 Absorption, excretion and distribu- 
tion of sulfamethazine, 108 

Enteritis See under Intestines 
Enteioblasis See Oxyuriasis 

Inteiorrhagia See Gastrointestinal Tiact, hemor- 
rhage 

Ervthreinia See Polycythemia 
Ervtliiocytes See Anenila, Polycythemia etc 
Sedimentation Test See Blood sedimentation 
Isopliagltis See under Esophagus 
Esophagoscopy See under Esopliagus 
Esophagus, atresia, 253 
caiclnomn, 255 
esophagitis 253 
motility 252 
pain 252 
uicei 253 
varices, 254 

Ewing P L Azotemia associated with gastro- 
intestinal hemorrhage , experimental etiologic 
study, 381 

Explosions , traumatic rupture of abdomen 422 
Extremities, Amputation See Amputation 
Blood Supply, 128 See also Embolism, Bayriaud’s 
Disease , Thromboangiitis obliterans , etc 
blood supply, and denervation, 130 
blood supply, effect of tobacco on, 127 
blood supply, treatment of perlpberal vascular dis- 
eases, 142 

blood supply , vascular diseases , tenth annual re- 
view, 125, 197 

blood supply vasomotor system in vascular injury 
and disease, 208 

serum potassium and Ischemia of muscle masses, 
131 

test for estimating vascular tone 125 
vascular surgerv, 204 
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Favre-Nicolas’ Disease See Lymphogranuloma Vene- 
reum 

Fever See Malaria , etc 

Glandular See Mononucleosis, Infectious 

Fingers and Toes, Abnormalities See Arachno- 
dactyly 

Fistula, arteriovenous, 136 
fecal, 426 

Food poisoning, 352 

I'oot diseases. Immersion foot, 138 

Foreign Bodies, 263 

Fowler E F Vascular diseases, tenth annual re- 
view 125, 197 
Vascular surgery 204 
Freezing See Cold 

Frei Reaction See Lymphogranuloma Venereum 
Frostbite, 138 

Fungi See Actinomycosis , etc 


Gallbladder, calculi, gallstone Ileus, 345 

Gallstones See Gallbadder, calculi 

Ganglionectomy See Sympathectomy 

Gastric Juice See under Stomach 
Ulcer See Peptic Ulcer 

Gastritis See Stomach 

Gastroenterologj review of literature from July 1943 
to June 1944, 251, 341, 417 

Gastrointestinal Tract See also Colon , Digestive 
System, Intestines, Rectum, Stomach, etc 
hemorrhage azotemia associated with gastrointes- 
tinal hemorrhage , experimental etlologlc study 
381 

Gastroscopy See Stomach 

Ghormley, R K Albrights syndrome (poljostotlc 

fibrous dysplasia with cutaneous pigmentation In 
both sexes and gonadal dysfunction In females) 
357 

Glandular Fever See Mononucleosis, Infectious 

Glass, \V Jr Clinical features of relapsing 

Plasmodium vlvax malaria In soldiers evacuated 
from South Pacific area, 159 

Glendy R E Primary atypical pneumonia of un- 
known cause, with unusual manifestations and 
complications, 30 

Gljcemia See Blood sugar 

Glycosuria See Diabetes Mellltus 

Golden, A Primary systemic amyloidosis of alimen- 
tary tract 413 

Gordon H H Clinical features of relapsing Plasmo- 
dium vlvax malaria In soldiers evacuated from 
South Pacific area, 159 

Granulocytopenia , primary splenic neutropenia, 192 

Granuloma, Malignant See Hodgkin s Disease 
Venereal See Lymphogranuloma Venereum 

Gray, H Arachnodactyly (spider fingers), 215 

Gregory, R Azotemia associated with gastrointes- 
tinal hemorrhage, experimental etlologic study 
381 


Hagedorn, D Large doses of ascorbic acid In treat- 
ment of vitamin C deficiencies, 407 

Hall B E Primary splenic neutropenia, 192 

Hankins, W D Primary atypical pneumonia of un- 
known cause, with unusual manifestations and 
complications, 30 

Barman, D S Gastroenterology, review of litera- 
ture from July 1943 to June 1944, 251, 341 
417 


Heart See also Blood, circulation 
abnormalities , brain abscess associated with con- 
genital heart disease, 279 
arachnodactyly (spider fingers), 215 
Diseases See Endocarditis , etc 
Diseases, Congenital See Heart, abnormalities 
Helne-Medln Disease See Poliomyelitis 

Helwig, F C Infectious mononucleosis , analysis 
of 300 cases with 3 characterized by rare hemato- 
logic features, 376 

Hematology See Blood , Hemopoietic System 

Hemochromatosis, aplastic anemia and Us association 
with 395 

Hemoglobin and Hemoglobin Compounds See Anemia , 
Blood 

Hemopoiesis See Hemopoietic System 

Hemopoietic System See also Anemia , Leukocytes , 
etc 

Influence of anoxemia on hemopoietic activity, 
284 

Hemorrhage See Digestive System, Gastrointestinal 
Tract 

Hemosiderosis See Hemochromatosis 
Hemostasis See Blood, coagulation , etc 
Heparin, anticoagulants 131 
Hepatitis See under Liver 
Hernia, diaphragmatic, 256 

Hines, L E Venesection for plethoric patient 
248 

Histoplasmosis in man , report of 7 cases and review 
of 71 cases, 1 

Hodgkin s Disease, 278 
Hookworm Infection, 421 

Hurtado A Influence of anoxemia on hemopoietic 
activity, 284 

Hypertension See Blood pressure, high 

Hypertrophy Sec under names of organs and 
regions 

Hypoglycemia See Blood sugar 
Hypotension See Blood pressure, low 
Hypothermia See Cold 

Iglauer, A Respiration and circulation in patients 
with obstruction of superior vena cava , cerebral 
factors in dyspnea and orthopnea, 24 

Ileum See Intestines 
Ileus See under Intestines 
Infantile Paralysis See Poliomyelitis 
Infants, newborn, epidemic diarrhea of, 351 
Instruments See also Apparatus 

determination of sedimentation rate of red blood 
cells , use of so-called correction charts and 
optimum length and diameter of pipet, 105 

Insulin See Diabetes Mellltus 

Intestines See also Cecum, Colon, Duodenum, 
Gastrointestinal Tract, Rectum 
anomalies, 844 
benign tumors, 349 
bezoar 345 
carcinoid tumors 349 
carcinoma 358 
cyst 349 

Diseases See Diarrhea, Dysentery 
diverticula, 346 
enteritis and hepatitis, 419 
gallstone Ileus, 345 
Intussusception See Intussusception 
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Intestines — Continued 
Ijmphosarcoma, 42G 
obstruction, 422 
obstruction, treatment, 34G 
parasites, 421 
phjslologj, 342 
polyposis, 423 
regional enteritis, 347 
roentgenology , 344 
rupture, 345 
sarcoma 350 

sprue and related disorders, 34G 
stenosis and adhesions, 345 
volvulus, 345 
Intussusception, 345 
Islands of Langerhans * See Pancreas 


Jaundice, Spirochetal See Spirochetosis Ictero- 
hemorrhaglc 

Jejunum See Intestines 
Ulcer See Peptic Ulcer 
Journals See Periodicals 


Kahn, 0 B Efficacy of some drugs and biologic 
preparations as therapeutic agents for tularemia, 
155 

Kay, E B Bronchiectasis following atypical pneu- 
monia, 89 

Kelsey, 'M P Occlusion of hepatic veins, reriew 
of 20 cases, 175 

Kennedy, R L J Albright's syndrome (poly- 
ostotic fibrous dysplasia with cutaneous pig- 
mentation In both se\es and gonadal dysfunc- 
tion in females), 357 

Kessler, D L Venesection for plethoric patient 
248 

Kidneys, azotemia associated with gastrointestinal 
hemorrhage, experimental etlologlo study, 381 

Kussmaul-Maler Disease See Periarteritis nodosa 

Kyhos, E D Large doses of ascorbic acid In treat- 
ment of vitamin C deficiencies, 407 

Langerhans’ Islands See under Pancreas 

Lecture, Hermann M Biggs Memorial Lecture, 144 

Legs See Extremities, Poot 

Lelby, G M Sporotrichosis In New York state, 
report of 2 new cases and tabulated discussion 
of 26 previous ones, 145 

Lens, Crystalline, arachnodactyly (spider fingers), 
215 

Lenticular Nucleus, hepatolenticular degeneration, 
report of 2 cases with predominantly hepatogenic 
symptoms, 1 associated with Cruveilhler-Baum- 
garten svndrome, 151 

Leukocytes See also Mononucleosis, Infectious , 
etc 

Infectious mononucleosis, analysis of 300 cases 
with 3 characterized by rare hematologic fea- 
tures, 376 

Leukopenia See under Leukocytes 

Levine, H Azotemia associated with gastroin- 
testinal hemorrhage , experimental etlologlc study, 
381 

Lippincott, S W Clinical features of relapsing 
Plasmodium vlvax malaria in soldiers evacuated 
from South Pacific area, 159 

Literature See also Periodicals 
neurologic, 70 

Liver, effects of some liver extracts on carbohydrate 
metabolism, 324, 327 
enteritis and hepatitis, 419 


Liver — Continued 

hepatolenticular degeneration, report of 2 cases 
with predominantly hepatogenic symptoms, 1 
associated with Cruvellhler-Baumgarten syn- 
drome, 151 

Lungs See also Respiration , Respiratory Tract , 
etc 

effects of cold air on air passages and lungs , 
experimental Investigation, 233 

Lymph Nodes See Lymphosarcoma , Mononucleosis, 
Infectious, etc 

Lymphogranuloma, Hodgkin’s See Hodgkin’s Dis- 
ease 

Inguinale See Lymphogranuloma Venereum 
Lymphogranuloma Venereum, 423 
Lymphosaicoma of cecum, 42G 
of stomach, 277 

Maicr-Kussmaul Disease See Periarteritis nodosa 

Malaria, clinical features of relapsing Plasmodium 
vlvax malaria in soldiers evacuated from South 
Pacific area, 159 

Marble, A Clinical features of relapsing Plasmo- 
dium vlvax malaria In soldiers evacuated from 
South Pacific area, 159 

Marfan Sjndrome Sec Arachnodactyly 
Meckel’s Diverticulum See under Intestines 
Mediastinum , mediastlnltls, 254 
Medicine, Aviation See Aviation and Aviators 
Military See Military Medicine 
Medin-Helne Disease See Poliomyelitis 

Mental Diseases See Neuroses and Psychoneuroses , 
etc 

Merino, C Influence of anoxemia on hemopoietic 
activity, 284 

Metabolism See Carbohydrates, metabolism 

Military Medicine See also Aviation and Aviators, 
etc 

anorectal conditions in Army, 426 
clinical features of relapsing Plasmodium vlvax 
malaria in soldiers evacuated from South Pacific 
area, 159 

Immersion foot, 138 
peptic ulcer and military service, 270 
primary atypical pneumonia of unknown cause, 
with unusual manifestations and complications, 
30 

review of neuropsychiatry for 1944, neurosis and 
war, G5 

Mononucleosis Infectious , analysis of 300 cases with 
3 characterized by rare hematologic features, 
376 

Moritz A R Effects of cold air on air passages 
and lungs , experimental investigation, 233 

Morphea See Scleroderma 

Morvan's Syndrome See Syringomyelia 

Mouth New York Institute of Clinical Oral Pathology, 
144, 214 

Muscles, lesions of muscle in spirochetal jaundice 
(Weil's disease , spirochetosis Icterohemor- 
rhaglca), 119 

scalenus anticus syndrome, 140 
Mycosis See Actinomycosis , etc 
Myocardium See Heart 

National Defense See War 

Neoplasms See Cancer, Sarcoma, Tumors 

Nephrosis See under Kidneys 

Nerves See also Neuralgia 
denervation and blood supply of extremities, 130 
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Iver\ous System See Bnin Ivervcs, etc 

Neuliof H Acute suppuntne bronchoi)neumonn 
45 

Iseur'ilglT pTinful TisodiHtition in causilgic states, 
140 

Beiirologj See also Nenes J»europsacliiatra 
Jseiiroses and Psaclioneuroses, etc 
literature on 70 

Beuropsachiatrj See also Alilitarj Medicine Nturol- 
ogj etc 

re\ieu for 1044 neurosis and war 05 

Neuroses ind Psjclioneuroses , eapcrimcnt il neurosis 
08 

renew of neuropsjcliiatrj for 1044 , neuiosis and 
war 05 

Neutropenia See Granuloc>topenia 

Neutrophils See LeuKocjtes 

Newborn Infants See Infants newborn 

Nicolas-Favre s Disease See I jmplui^innuloni i 
5'enereum 

O’Donnell K Absoiption excretion nid distribution 
of sulfamethazine 108 

Orthopnea See Asthma cardiac 

Osteitis fibrosa Albright’s sxndrome (poljostotic 
fibrous displasia with cutaneous pigmentation in 
both sexes and gonad il djsfunction In females) 
357 

0x1 gen See also Respiration 
deficleno influence of anoxemia on liemopoletic 
actiilti 284 

OxMinasis 421 


Pain See Esophagus 

Palmer \5 L Gastroenteiologj renew of litera- 
ture from Julj 1043 to June 1944 251 341, 
417 

Pancreas adenoma of islets of Lanperhans with 
hipofclicemia , report of 2 cases 100 

Parahsis Infantile See Poliomjelitis 

Parasites See Intestines parasites and under 
names of parasites and parasitic diseases 

Paresthesia See Sensation disorders 

Parks H Two cases of Monaiis sjndromc of 
certain cause 75 

Parsons R J Histoplasmosis in man repoit of 

7 cases and review of 71 cases 1 

Pathologj Clinical Oral New lorK Institute of 
144 214 

Paul W D Dengue-like fever occurring in Iowa 
during poliomjelitis epidemic of 1943 184 

Penicillin and Marfare, supplement to lulj 1944 issue 
of British Journal of Surgerj 72 

Therapj See Endocarditis , Pnei moiiia etc 

Peptic Ulcer 264 

and militarj service 270 
and trauma 206 
in childhood 270 
jejunal ulcer 269 
massiie hemorrhage 209 
of esophagus 253 
perforated 269 

primarj sjstemic aiiijloidosis of alimetitarj’ tract 
413 

roentgenology, 266 
surgical treatment 208 
treatment 266 

Periarteritis nodosa, 130 

Periodicals, Penicillin and XVarfare supplement to 
July 1944 issue of British Journal of Surgery 
72 


Personality 69 ' 

Peters 1 T Deteiminatloii of sedimentation rate 
of red blood cells , use of so-called correction 
charts and optimum length and diameter of 
pipet, 105 

Pigmentation cutaneous, Albrights sjndrome (poly- 
ostotic fibrous djsplasia with cutaneous pig- 
mentation in botli sexes and gonadal djsfunction 
in females), 357 

Pipet determination of sedimentation rate of red 
blood colls use of so called correction charts 
and optimum length and diameter of pipet, 
105 

Plasmodium Vhax See Alalarla 


Pneumococci See also Pneumonia 
pneumoeoccic endocarditis, 82 

Pneumonia See also Bronchopneumonia 

ibsorption excretion and distribution of sulfa- 
mcthazinc, 168 

atjpical bronchiectasis following 89 
pnmarj atjpical, of unknown cause, 222 
priman atjpical, of unknown cause with unusual 
manifestations and complications, 30 

Poisons and Poisoning See under names of sub- 
stances, as Thiocjanates , etc 

Poliomjelitis dengue-like fever occurring in Iowa 
during poliomjelitis epidemic of 1943 184 

Poljcjthemia, influence of anoxemia on hemopoietic 
activitj, 284 

Polvposis See under Intestines 
Postgraduate Education See Education 
Potassium lliiocjanate See Thiocjanates 
PrcgnancJ, pernicious vomiting of 250 
Prothrombin '^ee Blood coagulation 
Prill itus ani 420 


Psjchoncurosis Sec Neuroses and Psjclioneuroses 


Pubeitj precocious, Albrights sjndromc (polj- 
ostotic fibrous djsplasia with cutaneous pig- 
mentation in botli sexes and gonadal disfunction 
in females), 357 


Pugh D G Albriglit s sjndrome (poUostotic 
fibrous djsplasia with cutaneous pigmentation 
in both sexes and gonadal djsfunction in 
females), 357 


Puipura infectious mononucleosis aiialisls of 300 
cases witli 3 characterized bj raic hematologic 
features 376 


Piloriis, liipertrophic stenosis, 202 


Rappolt L 4 Pernicious anemia in Chinese 404 

Rainaiid’s Disease, 139 

riead T T Infectious mononucleosis, analjsis of 
300 cases with 3 characterized bj raie hemato- 
logic features 376 

Recklinghausen s Disease See Osteitis fibrosa 

Recruits See Alilitarj Alcdlcine 

Rectum, anorectal conditions in Armj 426 
Ijmphogranuloma lenereum 423 
tuberculosis 426 

Respiration and circulation in patients with obstruc- 
tion of superior lena cava, cerebral factors in 
djspnea and orthopnea, 24 

Respiratorj Tract effects of cold air on air passages 
and lungs, expeiimental investigation 233 

test effect of prolonged phjslcal inactivitj on 
tnlpranre of siiirar 39 


Ribs scalenus anticus sjndrome 140 
Ricketts W E Gastroenterologj , review of litera- 
ture from July 1943 to lune 1944 251 341, 

417 
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lloblnn‘5 S L Brain abscess associated iMth con- 
penltal heart disease, 2T9 

Rodrlpue? C , G Fatal poisoninp from potassium 
tlnoc>anate used m treatment of hapertension , 
report of case and reriew of literature, 241 

Roeutpenoprapha See under names of orpans and 
regions, as Colon , Intestines , etc 

Ropers, H M Primarj splenic neutropenia, 192 

Sahs A L Dcnpue-liUe fercr occurring in Iowa 
during poUomjelltls epidemic of 1943, 184 

Sarcoma Sec also La mpliosarcoma , lumors, etc 
of duodenum, 342 
of intestine, 350 

Schmitz, R C Primal a atapical pneumonia of un- 
hnown. cause, 222 

Schorscli H A Absorption excretion and distribu- 
tion of sulfamethazine, 168 

Sclnaartz, S 0 Pernicious anemia in Chinese 
404 

Sclerodactvlla See Sclerodcinia 

Scleroderma 234 

Sclerosis See Arteriosclerosis 

Scupliam, G AV A'^ascular diseases , tenth annual 
revierv, 125, 197 

Sensation disorders, two cases of Alonan’s sandrome 
of uncertain cause, 75 

Serum See Blood 

Sevringhaus, B L Large doses of ascoibic acid in 
treatment of vitamin C deficiencies, 407 

Shands H C Hepatolenticular degeneration, report 
of 2 cases with predomlnantlj hepatogenic samp- 
toms, 1 associated raitli Cruvellhier-Baumgarten 
svndrome, 151 

Sheldon AA H Lesions of muscle in spirochetal 
jaundice (AA''eil’s disease , spirochetosis ictero- 
hemorrhaglca), 119 

Shigella Djsenteriae Sec Dasentery 

Sian, Pigmentation See Pigmentation, cutaneous 

Smoking See Tobacco 

Societies, 54011 York Institute of Clinical Oral 
Pathology, 144, 214 

Sokal H B Effects of some llrer extracts on carbo- 
hjdrate metabolism, 324 

Sokal, J E Effects of some liver extracts on carbo- 
hydrate metabolism, 327 

del Solar A’’ , A Fatal poisoning from potassium 
thiocyanate used In treatment of hypertension, 
report of case and review of literature, 241 

Spirochetosis icteroheraorrhagic , lesions of muscle 
in spirochetal jaundice (AA'eil's disease, spiro- 
chetosis icterolieraorrhaglca) , 119 

Spleen , primary splenic neutropenia, 192 

Sporotrichosis In New York state , report of 2 new 
cases and tabulated discussion of 20 previous 
ones, 145 

Sprue and related disorders 346 

Staples, 0 S Two cases of Horaan’s syndrome of 
uncertain cause, 75 

Stomach See also Gastrointestinal Tract, Pylorus 
actinomycosis, 203 I 
benign tumors, 277 
cancer, 272 

cancer, diagnosis, 275 

cancer , experimental production, 272 

cancer, natural history, 274 

cancer , prognosis and classification, 273 

cancer, surgical treatment, 270 

cardiospasm, 254 


Stomach — Continued 
fibiosis 263 
gastritis, 201 
gastritis and cancer, 272 
gastroscopy, 200 
Hodgkin’s disease of, 278 
lymphosarcoma, 277 
motllitv, 250 
secietion 258 

surgery for functional distuibanccs, 204 
syphilis, 203 

Ulcers See Peptic Ulcei 
Strongyloidosis, 421 

Sugars See Carbohydrates, Dextrose, etc 
in Blood See Blood sugar 
Sulfamethazine See Sulfonamides 

Sulfonamides, absorption excretion and distribution 
of sulfamethazine, 108 

Sulzberger, JI B Sporotrichosis in New York state 
report of 2 noyy cases and tabulated discussion 
of 26 previous ones, 145 

Sympathectomy, denervation and blood supply of 
extremities, 130 

Syphilis See under names of organs and regions, 
as Stomach etc 

Syringomyelia, klorvan’s syndrome of uncertain 
cause, 2 cases, 75 

Temperature See Cold 

Thiocyanates, faLal poisoning from potassium thio- 
cyanate used in treatment of hypertension, re- 
port of case and reyfeiv of literature, 241 

Thomas, A Acute suppurative bronchopneumonia, 
45 

Tiiorax See Heart , Lungs , Mediastinum , etc 
Thromboangiitis obliterans, 135 
Thrombopenla See Purpura 

Thrombophlebitis See Tiiromboangiitis obliterans, 
Thrombosis 

Tiirombosis See also Embolism 
and embolism, 135 

occlusion of hepatic veins , revieyy of 20 cases, 
173 

ycnesectlon for plethoric patient 248 
ycnoiis thrombosis and embolism, 204 
Tinsley, C M Pncumococcic endocarditis 82 
Tobacco, effect on blood flow to extremities 127 
Trauma and peptic ulcer, 200 

Tuberculosis See under names of organs and regions, 
as Rectum, etc 

Tularemia efficacy of some drugs and biologic prepa- 
rations as therapeutic agents for 155 

Tumors See also Adenoma, Lymphosarcoma, Sar- 
coma , etc , and under names of organs and 
regions, as Intestines , Stomach 
glomus, 137 

Ulcers See under names of organs and regions 
as Esophagus, etc 

Peptic See Peptic Ulcer 
Urinary Tract See Kidneys 

Afan Oellen, T R A ascular diseases, tenth annual 
revieyv, 125, 197 

Afasomotor System See also Arteries, Blood pres- 
sure , Blood vessels , Sympathectomy , Veins 
in vascular injury and disease, 208 
painful vasodilatation in causalglc states, 140 
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Veins See also Blood, vessels Embolism, Thronl- 
bosis , Vasomotor System , etc 
hepatic, occlusion of , review of 20 cases, 175 
venous disorders 141 

Vena Cava respiration and circulation In patients 
with obstruction of superior vena cava, cerebral 
factors in dyspnea and orthopnea, 24 

Venesection for plethoric patient, 248 

Venous Pressure See Blood pressure 

Vitamins See also Ascorbic Acid 
C See Ascorbic Acid 

■deficiency (pantothenic acid) and effect on 
alimentarj tract, 352 

Volinl, I F Absorption evcretlon and distribu- 
tion of sulfamethazine 168 

Volvulus See under Intestines 

Vomiting pernicious, of pregnancy 256 

Walker, H Adenoma of Islets of Langerhans with 
hypoglycemia, report of 2 cases, 109 


War See also Aviation and Aviators , Military Medi- 
cine , etc 

Penicillin and Warfare , supplement to July 1944 
Issue of British Journal of Surgery, 72 

Well's Disease See Spirochetosis lUerohcmorrhagIc 

Welsiger J It Effects of cold air on air passages 
and lungs , eaperlmental Investigation 233 

Wilson’s Disease See Lenticular lyuclcus 

Wollaegcr E E Hepatolenticular degeneration , re- 
port of 2 cases with predominantly hepatogenic 
symptoms, 1 associated with Cruvellhler-Baum 
garten syndrome, 151 

Wounds, Penicillin and Warfare , supplement to July 
1944 Issue of British Journal of Surgery, 72 

Zamchock N Respiration and circulation In pa- 
tients with obstruction of superior vena cava, 
cerebral factors in dyspnea and orthopnea, 24 

Zarafonetis, C J D Histoplasmosis In man , report 
of 7 cases and review of 71 cases, 1 

Zeltmacher, K Aplastic anemia and Its association 
with hemochromatosis 393 




